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ANIMAL    CHEMISTRY. 


LIFE. 

The-Fltal  Principle. 


L  HAT  life  is  a  material  principle,  and  confequentiy 
fubje6l  to  the  laws  of  chemical  affinities,  has  been 
alTerted  by  feveral  philofophers ;  but  although  no  fatisfac- 
tory  explanation  has  yet  been  given  refpefting  it's  aftion, 
or  mode  of  producing  it's  various  effefts,  when  confidered 
in  a  chemical  view,  it  will  not  be  deviating  from  the  ob- 
ject of  the  prefent  work  to  give  a  few  of  the  principal 
opinions  that  have  been  held  of  it's  nature. 

The  exiftence  of  a  living  principle  in  the  animal  body 
has  been  acknowledo'ed  from  the  earlieft  ages.  At  firft  it 
■was  looked  upon  as  being  particularly  connefted  with  the 
blood ;  for,  having  obferved  that  the  body  was  deprived 
of  life  by  great  evacuations  of  blood,  either  in  battle  or  by 
accidental  caufes,  it  was  natural  to  conclude  that  this  fluid 
conveyed  the  living  principle  out  of  the  wound,  and  pro- 
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yjoht.  duccd  death.  This  was  the  idea  of  Mofes,  and  the  reafon 
why  that  legiflator  prohibited  the  Ifrachtes  from  eating 
blood.  "  Therefore  I  faid  unto  the  children  of  Ifrael, 
Ye  {Irall  eat  the  blood  of  no  manner  of  flefli  ;  for  the  life 
.  of  all  flefli  is  the  blood  thereof.  I  will  even  fet  my  face 
againft  that  foul  that  eateth  blood  ;  for  the  life  of  the 
fleOi  is  in  the  blood."  Homer  gives  death  the  epithet 
purple,  ■Trof^vfioi  ^xvxTo', :  and  Virgil   alludes  to  it  when 

Impedi-  he  fays,  purpuream  vomit  ule  anniain.  Emnedocles  and 
Critias  believed  life  to  be  the  blood  itfelf. 

Upon  examining  the  opinions  of  the  ancient  fefts  of 
phiiofophers,  on  the  immateriality  and  materiality  of  the 
foul,  it  would  appear,  that  the  immaterialifts,  confidering 
all  the  fubtile  and  invifibk  fluids  as  not  fubjc6l  to  the 
laws  of  matter,  thought  they  haddifcovered  amongft  them 
the  origin  of  the  foul,  whilft  fomeo.fthem  feem  tohavecon- 

Heraditus.  founded  the  foul  with  the  living  principle.  Thus  Hera- 
clitus  looked  upon  the  foul,  or  intelligent  principle,  as  in- 
corporeal, or  an  exhalation  j  Parmenides,  that  it  was  fire  j 

Parmeni-    Epithormus,  that  it  was  extracted  from  the  fun  j  and  An- 
des. 

axagoras,  Anaximenes,  and  Archelaus,  that  is  was  a  fub- 

Hippo.  tile  air.  Hippo  aflerted  it  to  be  a  vapour ;  for,  according  to 
him,  humiditv  was  the  principle  of  all  things;  andBoecius, 

Ajitomnus.  that  it  was  compofcd  of  air  and  fire.  Marcus  Antoninus  the 
Stoic  was  perfuadcd  of  it's  great  refemblancc  to  the  wind, 
and  Critolaus  imagined  that  itseflence  was  a  fifth  fub- 
ftancc.  Many  of  the  moderns  have  fuppofed  the  foul  ori- 
ginates from  the  feminal  liquor  5  that  at  firft  it  is  merely  a 
veiretating  principle,  like  uato  that  of  a  plant,  but  after- 
ward, on  becoming  more  perfec!:!:,  it  acquires  a  fenfitive- 
property,  and  is  at  laft  rendered  reafonible  by  the  divine 
cooperation. 

P^thigoras.  PythagoTas  had  fmagined  the  foul  to  be  detached 
from  the  air,  and  had  invented  an  anima  mund'iy  from 
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vvhiclj  the  fouls  of  men  were  emanations  :  but  as  the 
rfciprocal  a6lion  of  the  foul  and  the  body  upon  each 
other  was  not  eafilv  explained  on  the  fuppofition  of  im- 
materiality, Plato  feems  to  have  improved  on  the  idea  Piatoi 
of  Pythagoras,  by  propofing  that  oiapla/lic  nature,  a  kind 
of  intermediary  living  principle  connefting  the  foul  and 
body;  and  this  plafiic  principle  was  acknowledged 
even  by  Hippocrates  and  Ariftotle,  although  differently 
modified  by  various  fefts.  Ariftotle  the  peripatetic,  and  Anftotie. 
the  f'.'holar  of  Plato,  afferts  the  foul  to  be  the  firft  entele- 
chia  of  the  natural  organic  body,  having  the  living  prin- 
ciple under  it's  direflion.  It  has  three  faculties  5  the  nu- 
tritive, the  fenfitive,  and  the  rational.  The  firft  is  that  in 
which  life  is  the  only  afting  principle.  The  fecond  is 
that  by  which  feeling  is  produced.  The  third  is  peculiar 
to  man,  and  is  that  part  of  him  which  knows  and  judges. 
This  intelle<9;ls  either  an  intelle<3:um  agens  vel  patiens. 
The  firft  may  be  feparated  from  the  body,  and  is  immortal : 
the  other  is  perifhable.  Life  is  a  permanence  of  the  i^ul, 
according  to  this  philofopher,  retained  by  the  natural  heat, 
and  the  principle  of  this  heat  is  in  the  heart.  Galen  was  Caien. 
much  attached  to  the  do£lrine  of  Ariftotle,  and  made  com- 
mentaries full  of  erudition  on  the  works  of  that  philofo- 
pher. Among  the  Arabs,  Avicenna  and  Averroes  were 
the  principal  who  commented  on  the  do6lrine  of  the  Sta- 
gyrite.  Among  the  phyficians  of  Italy  that  followed  the 
fame  doftrine  was  Andrew  Cefalpinus,  firft  phyfician  to 
Clement  VIII ;   and  it  ended  with  Corringius. 

Leucippus,  Democritus,  and  Epicurus  were  red  mate-  Epicurus. 
rialifts.  They  were  of  opinion  there  was  nothing  in  exift- 
ence  but  body,  and  that  the  principle  of  life  and  intelH- 
gcnee  are  only  modifications  of  matter ;  that  thevarife  from 
the  difpofition  of  the  atoms  in  organized  bodies,  in  the 
fame  manner  as  the  flcfli,  theblood,  and  other  fenfible  parts. 
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Laftantius,  who  believed  the  foul  llkcuife  corporeal, 
after  having  examined  all  the  various  opinions  of  philo- 
sophers on  the  fubjecl  of  the  elfence  of  which  the  foul  is 
compofcd,  and  having  regardecV  them  all  as  uncertain, 
acknowledges,  however,  they  are  not  without  foine  fhare 
of  truth — our  foul,  or  the  principle  of  life,  being  in  the 
blood,  in  the  heart,  and  in  ihe  fpirit — but  that  it  is  im- 
poflible  to  exprcfs  the  nature  which  is  the  refult,  being 
more  eafy  to  fee  the  operations  of  it  than  to  define  it. 

It  would  appear,  therefore,  all  the  ancients  had  fome 
idea  of  a  living  principle  which  animates  the  corporeal 
Pluta-.ch.  machine  ;  and  this  is  affertcd  by  Plutarch,  who  ought  to 
know  beft  the  fentlments  of  the  ancients,  having  given  a 
treatife  on  their  opinions.  He  fays,  as  being  acknow- 
ledged by  all  of  them,  that  fpirit  is  only  a  fubtile  matter, 
and  our  foul,  which  is  the  air,  keeps  us  alive;  and  in'  this 
manner  all  the  world  contains  fpirit  and  air,  which  are 
only  two  names  I'ignifying  the  fame  thing. 

The  anima-  mundi  of  Pythagoras,  the  <pt;<7t?  of  Hip- 
pocrates, and  the  vnvfAa  of  the  author  of  Do  Mundo,  was 
afterwards  djfcribed  by  the  name  of  calidum  innatum,  as 
exprefling  the  vital  principle  :  and  fome  of  the  firft  rcflo- 
rers  of  letters  adopted  the  fame  opinion  :  and  during  a  con  - 
fiderable  part  of  the  feventeenth  century,  a  regular  fyflem 
,  prevailed,  by  which  the  vital  principle  was  reckoned  the 
efficient  caufe  of  generation  and  exiftence  in  all  animals 
and  plants.  It  then  took  the  name  of  anima  vegetans. 
Paracelfus.  Paracelfus  changed  this  term,  in  his  hypothetical  and  fan- 
ciful method  of  reafoning,  for  that  o^fidereal fpirit,  which, 
according  to  his  opinion,  was  equally  independent  of 
the  body  and  the  mind,  but  defcended  from  the  firma- 
ment, as  the  rational  foul  proceeded  from  thedeity.  Van 
Helmont,  who  thouglit  he  improved  upon  the  fyfiem  of 
his  mafter  Paracelfus,  fuggefted  thetheory  of  the  Archeiis, 
-     without  vcnturiiio;  to  alTert  the  unitv  of  the  rational  and 
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living  foul:?.  The  a6lions  of  the  Archetis  were  after- 
wards reduced  by  Stahl  to  the  operations  of  the  rational  StM. 
foul;  but,  according  to  Dr.  Ferriar,  Defcartes  appears  to 
have  been  the  firft  modern  philofopher  who  rejected  the 
feparate  exiftence  of  the  vital  principle,  under  all  denomi- 
nations. He  availed  himfelf  of  the  progrefs  that  was 
made  in  the  nervous  phyfiology  not  long  before,  by  Wil- 
lis and  others,  to  form  an  hypothefis  of  the  vital  fun6lions, 
founded  on  the  fuppofition  of  the  nervous  fluid  or  ani- 
mal fpirits,  which  was  the  language  of  that  period. 
The  do6lrine  of  Stahl  made  confiderable  progrefs  ;  and 
the  fuppofition  of  a  rational  power,  or  vis  medicatrix 
naturae,  which  directs  all  the  actions  of  the  body  both  in 
health  and  difeafe,  became  univerfal ;  and  for  a  long  time 
the  terms  of  nature,  fenfitive  foul,  and^'ital  principle,  were 
employed  without  much  oppofition.  The  exiftence  of  a 
nervous  fluid  was  now  alTumed  independently  of  the  fen- 
fitive foul,  to  explain  the  appearances  of  fcnfation  and  vo- 
luntary motion. 

About  the  middle  of  the  laft  century,  when  Haller  was 
aflerting  his  theory  of  the  vis  inftia,  and  vis  nervea.  Dr. 
Whytt  of  Edinburgh  attempted  a  reformation  of  the  Whytf. 
Stahlian  do£lrine,  which  excluded  the  independent  living 
principle.  He  fuppofes  the  foul  to  be  prefent  in  different 
parts  of  the  brain  at  the  fame  time,  while  he  confiders  this 
foul  as  immaterial  and  unextCLded. 

Some  phllofophers  at  length  began  ,to  imagine  that 
matter  might  acquire  vitality,  in  confequence  ot  a  certain 
organization,  and  amongft  thefe  were  Buffon  and  Hoff-  BaSbn, 
mann.  But  while  no  fingle  hypothefis  refpe£ting  the  vital 
principle  prevailed  generally,  two  theories  appeared,  which 
more  particularly  engaged  the  attention.  Dr.  Monro  gives  j\ianj.o. 
his  explanation  of  the  Inirllet^m  agens  in  the  body,  by  fav- 
ing,  that  the  power  which  created  all  things,  which  gave 
life  to  aniir.als,  continues  to  a6l  upon  and  to  maintain  all^ 
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by  the  unceafing  influence  of  a  living;  principle  pervading 
the  univerfe,  the  nature  of  which  our  faculties  are  inca- 
pable of  duly  comprehending.   The  other  theory  was  that , 
Hunten       of  John  Hunter,  vi-ho  revived  the  idea  of  the  blood  being 
endued  with  the  living  principle.  This  opinion,  as  obferved 
before,  is  not  only  to  be  found  in  the  writings  attributed  to 
Mofes,  but  in  modern  times  it  had  been  aflcrted  by  Harvey, 
Iloifniann,  and  more  jiarlicularly  by  Huxham,  v^ho  even 
mentions  the  red  globules  as  the  peculiar  feat  of  life.  The 
proofs  which  John  Hunter  brings  of  the  life  of  the  blood 
are  the  following  :    1.  It  unites  living  parts  when  eff'ufed 
between  them.  2.  The  blood  becomes  vafcular,  like  other 
living  parts.     3.  It's  temperature,    as  it  flows  from  the 
vein,  is  always  equal,  in  the  mod  oppofite  temperatures  to 
which  the  body  can  bear  expofure.     4.  It  is  capable  of 
being  afted  upon  by  a  flimulus,  as  is  the  cafe  when  it 
coagulates.     5.  The  laft  direft  proof  of  the  life  of  the 
blood  is  the  nourifliment  and  prefcrvation  of  life  in  para- 
lytic limbs. 
Goodwyn.        Goodwyn,  who  endeav^oured  to  confider  the  fubje6t  of 
vitality  in   a  manner  different  from  what  it  had  been, 
taking  the  living  body  when  all  the  accidental  figns  of  life 
are  removed,    and  applying  to  it  thofe  external  powers 
which  really  do  reftore  them,  then  atfendinsc  to  the  place 
and  circumftances  of  their  firfl;  operation,  and  the  imme- 
diate effefts  they  produce,  was  led  to  examine  the  effen- 
tial  quality  of  life,  and  confequently  to  the  means  of  di- 
ftinguifliing  it  from  death.    This  phyfician  is  of  opinion, 
that  the  heart  is  the  great  feat  of  the  principle  of  life,  in  all 
the  more  perfe6l  animals;  and  that  the  contra6lion  of  the 
h^art  with  the  ordinary  flimulus  is  the  only  mark  of  the 
prefence  of  this  principle ;  that  when  the  heart  contra61:s, 
under  fuch  circumftances,   the  body  is  alive;  when  not, 
it  is  dead.     Life  he  therefore  defines  to  be  the  ficulty  of 
propelling  thcfluids  through  the  circulatory  fyflcm.    Ac- 
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cordins  to  him,  the  external  concomitant  circumftances 
which  operate  upon  the  body  in  heahh  are  heat  and  refpira- 
tion,  which  excite  the  vital  principle  to  aftion;  and  when- 
ever the  fLm6lions  of  an  animal  are  fuddenly  fufpended,  and 
the  body  puts  on  the  appearance  of  death,  it  is  always  in 
our  power  to  determine  whether  it  be  really  dead,  by  re- 
floring  the  temperature,  and  by  inflating  the  lungs  with 
proper  air.  He  is  of  opinion,  with  fome  others,  that  there 
are  no  means  of  determining  the  abfolute  deprivation  of 
the  vital  principle  but  by  the  prefence  of  putrefailion^ 

Currie,  on  appreciating  the  powers  of  life,  affirms,  that  Cunie. 
if  a  definition  of  it  w^ere  required,  it  might  be  mofl  clearly 
eftablifhed  on  that  capacity  by  v.hich  the  animal  preferves 
it's  proper  heat  under  the  various  degrees  of  temperature 
of  the  medium  in  which  it  exifts.    That  the  more  perfe6t 
animals  polTefs  this  power  in  a  fuperior  degree :  and  this  is 
necelTary  from  the  exercife  of  their  vital  fundlions.    That 
the  inferior  animals  have  it  in  a  lower  degree,  and  vegeta-. 
bles  lower  ftill ;  which  is  according  to  their  limited  powers 
and  humbler  organization.  And  as  the  capacity  of  pr«ferv- 
ingnearly  an  uniform  temperature  in  all  varieties  of  climate 
and  feafon  is  a  criterion  of  life  in  the  more  powerful  ani- 
mals, it  is  probable  that  a  few  degrees  of  incrcafe  or  di- 
minution of  the  heat  of  the  fyftem  produce  difeafes  and 
death.     Metzler  fuppofes  carbonic  acid  gas  to  afford  the 
principle  of  life.  De  la  Metherie  looks  upon  the  principle  DeJa  Me- 
of  life  to  be  the  aura  aiiimalis,  fomewhat  analogous  to  '  ^"'^" 
the  aura  feminalis ;   and  Girtanner  affirms  irritability  to 
be  the  principle  ([life.    Somewhat  before  the  time  when 
Goodwyn  publilhed  his  "  ConneiStion  of  Life  with  Re- 
fpiration,"  a  revolution  had  taken  place  in  chemiftry,  and 
the  attention  of  philofophers  became  more  particularly  di- 
rc6led  to  inveftigate  the  chemical  procefles  that  were  fup- 
pofed  to  take  place  in  the  animal  economy,  and  by  which 
the  principle  of  life  came  in  for  it's  fliare.     This  chans?"e 
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in  the  fyftenis  arofe  from  the  difcovery  of  oxygen,  which 
was  found  to  be  that  principle  which  fome  of  the  ancients 
had  imagined  to  cxift  in  the  atmofphere — a  certain  fome- 
thing  which  they  faw  was  neceflary  to  hfe.  This  oxygen 
is  the  pneuma  that  Ariftotle  fays  unites  with  the  blood ; 
and  Chryfippus  von  Soli,  who  gave  to  the  pneuma  the 
niofl.  extenfive  range,  exprcfsly  declares  that  it  is  what  ge- 
nerates life ;  whiHl  Praxagoras  the  phyfician  fays  that  the 
foul  is  ftrengthened  by  fpirituous  air. 

This  theory  of  Chryfippus  and  Praxagoras  had  it's  dif- 
ciples  in  the  middle  ages,  and  in  latter  times  it  received 
great  influence  from  the  difcovery  of  the  circulation  of 
the  blood.  For  this  difcovery  we  are  indebted  to  Michael 
Servctus  or  Andrew  Cefalpinus,  each  having  mentioned 
that  circumflancc  before  Harvey.  It  now  became  clear 
where  the  blood  met  with  the  iafpired  air,  and  how  it  was 
then  fent  through" the  body.  Servetus  exprefsly  fays  that 
the  blood  pafTes  through  the  lungs,  obtains  there  an  addi- 
tion of  vital  fpirit  from  the  atmofpheric  air,  ^and  returns 

Bacon.  impregnated  with  this  from  the  lungs  to  the  heart.  Bacon 
added  to  the  doftrine  of  the  pneuma,  and  fays  the  vital  fpi- 
rit is  compofed  of  air  and  fire,  which  by  their  union  pro- 
duce a  weak  combuftion,  or,  as  it  may  be  called,  the  phlc- 
gijiic  proqefs  of  life  {incenfio  Jp'irrtuum  vhal'ium).  Hence, 
from  the  time  of  Praxagoras  there  appears  to  have  been 
a  fimilar  idea  of  a  material  principle  of  life,  although  dif- 
ferently modified  \  and  this  appears  to  have  been  the  opi- 
nion likewife  of  Harvey,  Mayow,  and  Mund,  and  to  have 

Townfend.  defcended  to  the  prefent  times.  Thus  Townfend  affirms, 
the  vital  force  of  an  organ  appears  to  be  in  the  exa£t 
proportion  of  the  quantity  of  oxygenated  blood  that  circu-' 

Thornton.  latcs  through  it  \  Thornton,  that  there  is  a  chemical  pro- 
cefs  going  forward  in  the  body  by  means  of  oxygen  ;  and 

Btandis.  Brandis,  Reil,  and  GalHni  are  of  the  fame  opinion,  but 
fay  the  vital  power  arifes  from  a  conflaut  chaiige  of  animai 
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matter,  a  phlogiftic  procefs,  which  is  maintained  and  re- 
newed by  an  union  if  the  oxygen  with  the  carbon.  Ac- 
cording to  Hufeland,  life  is  a  chemico-animal  flame,  to  ^^'^2'*"'*- 
the  produft'on  of  which  oxygen  is  abfokitely  neceflary, 
and  the  vil;ij  power  is  the  moil  general  and  powerful  of 
all  the  powers  oi  nature.  He  confiders  it  as  the  caufe  of 
organization,  and  as  pofleffing  the  following  properties. 
1.  It  has  a  greater  affinity  to  fome  organized  bodies  than 
to  others  ;  thus,  the  polypus  may  be  cut  in  pieces  without 
bein'g  divelted  of  it,  and  a  decapitated  tortoife  or  a  frog 
deprived  of  it's  heart  will  live  a  long  time  after ;  whiKt  to 
the  human  body,  or  a  quadruped,  it  would  be  inflant  death. 
According  to  this  phyfiologift,  it  appears  to  be  a  general 
Tule,  that  the  fironger  the  affinity  is  between  life  and  an 
organized  being,  the  more  imperfe6l  is  the  animal :  hence 
the  zoophvtes,  whofe  whole  organization  confifts  in  a 
mouth,  a  Ilomach,  and  a  gut,  have  a  life  exceedingly  te- 
nacious, and  diff.cult  to  i>.-  dcftroyed.  2.  It  is  in  greater 
quantity  in  fome  organ'sed  bodies  than  in  others.  Thus 
an  elephant  lives  a  centurv,  v/hilft  the  ephemeron  only 
exifis  a  day;  and  in  general  all  cold-blooded  animals 
live  longer  than    tlir-fe   with   warm  blood.     3.  It  frees  , 

bodies  from  tb.e  cnemical  laws  of  inanimate  matter,  and 
transfers  the  comprnent  parts  of  a  body  from  the  phyfi- 
cal  or  chemical  to  the  organic  or  living  v;orld.  4.  It 
prevents  putrefa''?tion,  for  no  organized  body  can  putrefv 
unlef"^  deprived  of  life. 

Humboldt  is  of  opinion,  tliat  the  degree  of  vitality  dc-  HumboiA. 
pends  upon  the  reciprocal  balance  of  the  chemical  affini- 
ties of  all   the   elementary  parts  of  which  an  animal  is 
compofed. 

Davy  confiders  life  as  a  perpetual  feries  of  peculiar  cor-  Di-^y, 
pufcular  changes,   and  the  living  body  as   the  being  in 
which  thefe  changes  take  place.     They  are  confequently 
found  to  be  continually  varying  :  and  fince  all  organic  fen-! 
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fitive  beings  are  unable  to  exift  without  light  and  oxygen, 
he  looks  upon  thcfe  two,  under  the  name  of  phofoxygcn, 
as  efTentiai  to  exigence. 
Dr.  Fmiar       Dr.  Feniar,   in  his  obfervations  concerning  the  vital 
l^vm^'^piin-  pi"inciple,   thinks   that   fome  dire6l   arguments  may  be 
?^-  brought  againfl  the  general  fuppofition  of  an  independent 

living  principle.  Thefe  arguments  he  divides  into  two 
kinds,  viz.  refutations  of  the  general  proofs  offered  in 
fupport  of  the  vital  principle  ;  and  inftances  of  the  direct 
influence  of  the  mind  and  brain  over  what  is  termed  the 
independent  living  principle.  The  great  proofs  for  the 
fupport  of  a  vital  principle  are,  the  contraction  of  mufcles 
feparated  from  the  body  on  the  application  of  ftimulants  j 
the  performance  of  the  vital  and  involuntary  motions  with- 
out any  exertion  or  even  confcioufnefs  of  the  mind,  and 
the  birth  of  full-grown  fcetufes  deflitute  of  a  brain.  In 
all  thefe  cafes,  fomething  is  alleged  to  operate,  indepen- 
dently of  the  mind,  i,n  producing  mufcular  motion. 

Dr.  Ferriar,  in  anfwer  to  the  firft  argument  drawn  from 
the  contraftion  of  feparated  mufcles,  afRrms,   it  may  be 
faid,     1.  That  the  power  of  contraction  in  a  feparated 
mufcle  is  loft  before  putrefaftion  takes  place,  /.  c.  before 
the  deftruftion  of  it's  texture  ;  but  if  it's  vitality  depended 
on  it's  texture  this  ought  not  to  happen.     2.  The  power 
of  contraction  in  a  feparated  mufcle  is  ftrongeft  upon  it's 
firft  feparation,  and  becomes  weaker  by  degrees  :  there- 
fore the  contracting  power  appears  to  have  been  derived 
from  fome  fource  from  which  it  is  detached  bv  the  exci- 
fion  of  ihe  part.     3.  Irritation  of  the  medulla  oblongata 
or  of  the  nerves  fupplylng  particular  mufcles,  occafions 
ftronger    contractions    than    irritation    of    the    mufcles 
themrdves ;  and  Dr.  Whytt  furnifnes  an  experiment  on  a 
frog,  direCtly  proving  that  the  aCtion  of  feparated  mufcles 
depends  upon  the  nervous  energv.     4.   Dr.  Haller  himfelf 
is  obliged  to  nuke  a  conccffion  on  this  fubjeCt  fufficient  to 
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Jeftroy  his  favourite  hypothefis  of  the  vis  infita,  5.  When 
a  paralytic  limb  is  convulfed  by  the  eledric  (hock,  the 
motion  never  takes  place  without  the  patient's  confciouf- 
nefs.  In  this  cafe  there  is  no  diftin£lion  between-the  vi- 
tal principle  and  that  exertion  which  in  voluntary  motion 
is  always  attributed  to  the  mind. 

In  anfwer  to  the  fecond  argument  in  favour  of  a  vital 
principle,  drawn  from  the  performance  of  the  vital  and 
other  involuntary  motions.  Dr.  Ferriar  contents  himfelf 
with  only  obferving,  that  allowing  the  organs  of  thofe 
motions  to  be  fupplied  with  nervous  energy,  their  mo- 
tions may  be  very  well  accounted  for  by  the  ftimulus  of 
their  contained  fluids. 

The  force  of  the  third  argument,  drawn  from  tlie  want 
of  a  brain  in  full-grown  fcetufes,  is  taken  off  by  Dr. 
Whytt,  who  remarks,  that  as  the  heart  is  fometimes 
wanting  in  full-grown  fetufes,  the  argument  would 
equally  prove  that  the  heart  is  not  neceffary  for  the  con- 
tinuance of  circulation,  as  that  the  brain  is  not  neceffary 
to  the  fupport  of  the  fyftem-  Accordingly,  fetufes  born 
without  a  brain  do  not  in  general  furvive  birth. 

Befides  the  general  fuppofition  of  an  independent  living 
principle,  an  inference  has  been  drawn  from  fa6ls,  of  a 
nervous  energy  independent  of  the  brain.     By  this  term 
is  meant,  that  condition  derived  from  the  brain  to  dif- 
ferent parts  of  the  body,  by  means  of  which  they  become 
capable  of  motion.     To  fhow  by  diredl  proof  that  there  is 
no    independent  vital   principle.   Dr.  Ferriar  obferves, 
1.  That  it  is  juftly  urged  by  Dr.  Monro  againft  the  doc* 
trine  of  the  vis  infita,  that  there  is  too  much  defign  in  the 
aftions  of  different  mufcles,  affected  by  different  fttmulfj^ 
to  be  the  effe£l  of  mere  mechanifm.     Thus,  when  the 
hand  or  foot  is  burnt,  or  otherwife  fuddenly  injured,  the 
mufcles  on  the  part  immediately  ftimulated  are  not  thrown 
■  into  a6lion,  nor  the  mufcles  on  the  fide  irritated,  but  theiir 
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antagonifls  contra»il  immediately  and  flrongly.     Now,  if 
the  inftantaneous  a£lion  be  in  this  cafe  chiefly  produced 
by  an  eilort   of  the  mind,  the  fiippofition  of  a  di(lin6l 
vital  principle  is  fuperfluoiis  :  if  it  be  faid  to  be  produced 
by  a  Hving  power  independent  of  the  mind,  then  there 
mufl  be  a  rational  power  in  the  body,, independent  of  the 
mind;  which  is  abfurd.     2.  The   ftate  of  the  vital  and 
involuntary  motions  is  confiderably  affe»Sled  by  the  ftate 
of  the  mind,  which  equally  difproves  the  exiftence  of  a 
feparate  vital  principle,  and  proves  the  dependence  of  the 
-    nervous  energy  upon  the  brain.     3.  Madnefs,  it  is  well 
known,  is  frequently  produced  by  caufes  purely  mental, 
and  in  perfons  apparently  in  good  health  j  and  as  the  pa- 
tient's fenfibility  to  every  powerful  ftimuli  is  much  dimi- 
niflied  in  maniacal  cafes,  they  afford  another  proof  of  the 
fubordination  of  the  nervous  energy.     4.  It  has  been  ob- 
ferved,  that  in  paralytic   cafes   motion   is   frequentlv  de- 
Uroyed,  while  fenfe  remains.     As  the  caufe  of  palfy  al- 
moft  always  refides  in  the  brain;  this  fa6l  appears  equally 
inexplicable  on  the  opinion  of  a  diflin6t  living  principle, 
or  of  a  nervous  energy  independent  of  the  brain.  3.  When 
nerves  are  regenerated  after  being  cut  through,  fenfation 
and  voluntary  motion  are  not  always  reftored  to  the  parts 
beneath  the  divilion  :  the  reftoration  was  never  made  in 
Dr.  Monro's  experiments.     But  on  the  fuppofition  of  a 
diftin<5l  nervous  power,  the   nerve,    after   it's  reunion, 
ought  to  refume  all  it's  offices.     6.  Dr.  Whytt  affcrts, 
that  when  the  fpinal  marrow  of  a  frog  is  deftroyed,  after 
decollation,  no  contra6lion  can  be  excited  in  the  limbs  by 
cutting  or  tearing  the  mufcles.     Such  are  the  fa(5ls  and 
arguments  which  Dr.  Ferriar  brings  agaipft  the  opinion 
of  a  diftin£l  living  principle;  and   he  thinks  that  their 
inveftigation  appears  to  lead  us  back  to  the  brain  as   the 
fource  of  fenfibility  and  irritability. 
Dr.  Rufh.        Xhe  laft  opinion  which  has  been  given  of  the  principle 
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of  life  is  that  of  Dr.  Rufh.  He  includes  in  animal  life 
three  properdesj  as  applied  to  the  human  hod}^  J  viz,  7/;5- 
tion^  fcnfation,  and  thought^  and  thefe,  when  united,  com- 
pofe  perfect  life.  It  may  exi^  without  thought  or  fenfa- 
tion,  but  neither  fenfation  nor  thought  can  exift  without 
motion.  He  affirms,  that  the  loweft  degree  of  life  exifts 
in  the  abfence  even  of  motion.  He  firfl  confiders  ani- 
mal life  as  it  appears  in  the  waking  and  fleeping  flates  in 
a  healthy  adult|  and  afterwards  inquires  into  the  modifi- 
cation of  it's  caufes,  in  the  foetal  infant,  youthful  and  mid- 
dle ftates  of  life,  in  certain  difeafes,  in  different  flates  of 
fociety  and  in  different  animals,  and  lays  down  the  fol- 
lowing propofitions : 

>  1.  Every  part  of  the  human  body,  the  nails  and  hair 
excepted,  is  endued  with  fenfibility  or  excitability,  or 
with  both. 

2.  The  whole  body  is  fo  formed  and  conneiSledJ  that 
impreflions  made  in  the  healthy  flate  upon  one  part  ex- 
cite motion  or  fenfation,  or  both,  in  every  other  part 
of  the  body. 

3.  Life  is  the  effeSi  of  certain  ftimuli  a6lingupon  the 
fenfibility  and  excitability,  which  are  extended  in  different 
degrees  to  every  external  and  internal  part  of  the  body  ; 
and  thefe  flimuli  are  as  neceffary  to  it's  exlftence  as  air 
is  to  flame. 

That  animal  life  is  a  forced  ftate  was  firfl:  delivered  by 
Dr.  Cullen,  although  he  afterwards  retra6led  it.  He  af- 
firmed that  the  human  body  was  not  an  automaton  or 
felf-moving  machine,  but  kept  alive,  and  in  motion,  by 
the  conflant  adlion  of  ftimuli  upon  it.  Dr.  Brown  en- 
larged upon  this,  and  formed  a  beautiful  theory  of  excita- 
bility and  excitement :  and  Dr.  Rufli  endeavours  to  efta- 
blifli  this  difcovery  of  life  being  a  forced  flate;  and  he 
continues  to  obferve,  that  the  a£lion  of  the  brain,  the  dia- 
slole  and  fyftole  of  the  heart,  the  pulfation  of  the  arteries. 
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the  c5ntra5:lon.  of  the  mufcles,  the  periftaltic  motion  of 
the  bowels,  the  abforbiiVg  power  of  the  Ij'^mphatics,  fecre- 
tion,  excretion,  hearing,  feeing,  fmelling,  tafte,  and  the 
fenfe  of  touch,  even  thcu^ht  ilfelf,  are  all  the  effedls  of 
flimuli  a£ling  upon  the  organs  of  fcnfe  and  motion. 
Thefe  have  been  divided  into  external  and  internal. 

1.  The  external  arc  light,  found,  odours,  air,  heat,  cx- 
ercife,  and  the  plcafurcs  of  the  fenfcs. 

2.  The  internal  ftimuli  are  food,  drinks^  chyle,  blood, 
tcnfion  of  the  glands  which  contain  fecretcd  iiq.iors,  and 
the  exercife  of  the  faculties  of  the  mind. 

Life  therefore  (according  to  the  hypothcfis  of  Rufli), 
even  thought  itfelf,  is  merely  a  quality  refiding  in  the  com- 
ponent parts  of  a  material  fyilem,  dependent  upon  a  pe- 
culiar organization,  by  which  it  is  enabled  to  aft,  or  in 
fome  way  to  move,  on  being  ftimulated  or  excited. 
Hence  life  can  never  be  inherent  in  a  limple  uncom- 
pounded  fubftance,  nor  in  a  particle  of  animal  matter  ; 
and  if  the  ftimulus  be  withheld  from  a  living  fyftcm  be- 
,  yond  a  given  time,  all  motion,  ftnfation,  a«d  thought, 
muft  neceflarily  be  extinguithed. 

He  then  inquires  into  the  ftate  of  animal  life  in  fleep, 
in  the  fcetus,  in  infants,  in  youth  and  middle  life,  in 
old  age,  in  pcrfons  who  are  blind,  deaf  and  dumb,  in 
idiots,  in  thofe  under  the  effefts  of  long  fafting,  and  in 
thofe  fuppofed  to  be  dead,  from  drowning,  freezing,  and 
other  caufes.  He  afterwnrds  takes  a  view  of  the  ftate  of 
animal  life  among  the  different  inhabitants  of  the  globe, 
as  varied  by  civilization,  diet,  fituation,  and  climate.  He 
accounts  for  the  influence  of  certain  mental  ftimuli,  which 
aft  nearly  alike  upon  th-j  individuals  of  all  nations  ;  of  the 
caufes  oi  life  in  all  the  different  c4afles  of  animals ;  of  the 
caufes  of  life  in  vegetables  ;  of  the  caufes  pf  death  ;  and 
laflly,  he  draws  his  conclufions  from  the  doftrine  of  ani- 
mal life  being  the  effeft  of  iropreflions  upon  the  body* 
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Initahil'ity. — Whatever  motion  there  is  in  the  animal 
body,  it  is  all  brought  about  by  the  mufcular  fibre;  and 
fince  the  connection  of  this  fibre  with  oxygen  is  necef- 
fary,  in  order  that  it  fliall  preferve  it's  irritable  or  con- 
tratlinff  power,  phyfiologifts  have  endeavoured  to  invefti- 
o-ate  what  may  be  the  nature  and  origin  of  irritainlity  itfelf. 
Gliffon  is  faid  to  be  the  firll  difcoverer  of  the  irritable 
principle  in  the  folid  fibre,  and  this  was  afterwards  en- 
larged upon  by  Haller,  who  found  by  a  variety  of  ex- 
periments that  the  irritability  of  mufcles  remains  a  long 
time  after  their  conne6lion  with  the  brain  is  deftroyed. 
He  gave  it  the  name  of  vis  infita.  Fothergili,  in  hi?. 
Hints  on  Animation,  publiflied  in  1783,  confiders  oxy- 
gen as  the  proximate  caufe  of  irritability  ;  and  Girtanner 
looks  upon  himfelf  to  be  the  difcoverer  of  the  fame  prin- 
ciple in  the  fluids  of  the  body  ;  and  it  is  to  this  celebrated 
phyfiologift,  and  to  Humboldt,  that  we  are  indebted  for 
the  mofl  curious  obfervations  on  this  principle. 

According  to  Girtanner,  who  has  made  a  number  of Gitana'ST-, 
experiments  on  the  fubje£l,  irritability  is  the  principle  of 
life  in  organized  nature,  and  oxygen  is  the  principle  of 
irritability.  His  opinion  is,  that  the  irritable  fibre,  impro- 
perly called  the  mufcular  fibre,  is  univerfally  expanded 
throughout  all  organized  nature.  It  is  on  this  that  or- 
ganic motion,  fenfation,  and  even  life  depends.  He  af- 
firms that  this  irritable  fibre  is  the  fame  in  all  parts,  and 
fubjett  to  the  fame  laws  ;  that  the  fluids  of  animals  are 
endued  vi'ith  irritability  as  well  as  the  folids,  their  irritabi- 
lity confifting  in  their  coagulabilitv,  which  is  fubje6l  to 
the  fame  laws  as  that  of  the  fibre;  that  the  degree  of  irri- 
tability of  the  folids  and  fluids  is  continually  changingj 
and  is  different,  accordino;  to  the  aire  and  regimen  of  the 
lame  animal,  according  to  the  fex,  organization,  and  fize 
of  the  individual ;  that  the  ftate  of  health,  or  the  tone  of 
the   fibre,   confills  in  a   certain  quantity  of  the  irritable 
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principle  neccfTary  to  it's  prefervation.     To  maintain  this 
ftate,  it  is  nectlfary  the   a£tion  of  the  ftiniulus  be  fiiffi- 
cienily  (trong  to  deprive  the  fibre  of  the  furplus  of  the 
irrital)!e  principle  which   the  lungs  and  the  circulation  of 
the  flulcis  continually  furniOi.     When   the  irfitability  is 
totally  deftrovcd,  the  fibre  is   in   a  ftatc  of  gangrene ;  it 
changes   it's  colour,  becomes  livid  or  black,  and  is  then 
fubjeil  to  the  laws  of  unorganized   matter.     That   the 
irritable  fibre,  from  the  firft  moment  of  it's  exiftcnce  to 
that  of  it's  diirolution,  being  conftantly  furrounded  by  bo- 
dies that  acl  on  it  by  ftimulating  it,  and  upon  which  it  re- 
acts by  it's  contra6tion,   it  follows,   that  during  life  the 
irritable  fibre  is  in  a  continual  aftion  ;   that  life  confifts  in 
aftion,  and  is  not  a  paflive  ftate,  as  fome  authors  have  ad- 
vanced.    According  to  the  experiments  of  this  phyfician, 
poifons  a£l  on  the  blood,  as  was  before  obferved  by  Fon- 
tana,  bv  depriving  it  of  the  principle  of  irritability,  or  of 
it's  oxygen. 

He  then  attempts  to  prove  that  it  is  to  the  oxygen,  dif- 
tributed  to  all  parts  of  the  fyftem  by  means  of  the  circu- 
lation of  the  blood,  that  the  irritability  and  the  life  of  or- 
ganized bodies  are*owing.     The  proofs  of  which  are, 

1.  The  irritability  of  organized  bodies  is  always  in  a 
direct  I'alio  to  the  quantity  of  oxygen  they  contain. 

2.  Every  thing  that  augments  the  quantity  of  oxygen  in 
'    organized  bodiesaugments  at  the  fame  time  their  irritability. 

3.  Every  thing  that  diminifhes  the  quantity  of  oxygen 
diminiflies  likewife  their  irritability. 

He  diftinguiflies  the  organized  fibre  by  three  dift'erent 
ftates  : 

1.  A  ftate  of  health,  or  the  tone  of  the  fibre,  in  which 
the  oxygen  cxifts  in  it't.  proper  quantity. 

2.  A  ftate  of  accianulation^  in  which  the  fibre  is  fur- 
charged  with  the  oxygen  or  irritable  principle. 

3.  A  ftate  of  exhaujiion,  in  which  the  fibre  is  more  or 
lefs  deprived  of  it. 
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Hellktfwifc  arranges  all  fubftances,  that  are  capable  of 
coming  into  conta6t  with  the  irritable  fibre,  into  three 
clalfes. 

The  firfi:  comprehends  thofe  fubftances  that  have  the 
fame  decree  of  affinity  for  the  irritable  principle  or  oxvgen, 
as  the  organized  fibre  itfclf;  hence  the  fubftances  produce 
no  efte6lupon  it. 

The  fecond  comprehends  thofe  fubftances  that  have  a 
lefi  degree  of  affinitv  for  oxygen  than  the  organized  fibre 
has  :  hence  thefe,  when  they  come  into  conta6l  with  it, 
furcharge  it  with  oxygen,  and  produce  a  ftate  of  accumu- 
lation.    They  are  called  negative  ftimuli. 

The  third  comprehends  fubftances  for  which  oxygen 
has  a  greater  affinity  than  it  has  for  the  organized  fibre. 
Thefe  therefore  deprive  the  fibre  of  it's  oxygen,  and  pro- 
duce a  ^QX.<ioi  exhanjlion.  They  are  called  pofitive  ftimuli. 

ft  is  a  faft  well  known,  that  the  affinity  of  different 
fubftances  differs  confiderably,  according  to  the  degree  of 
temperature.  The  fame  difference,  according  to  this  phy- 
fician,  takes  place  with  the  organized  fibre ;  hence,  in 
fpeaking  of  the  affinities  of  the  irritable  fibre  in  general, 
he  means  the  temperature  to  be  that  of  the  blood  in  warm- 
blooded animals.  Having  made  this  obfervation,  his  ar- 
rangement of  diflerent  fubftances  is  as  follows : 

In  the  firft  clafs  he  arranges  all  organized  or  living  fub- 
ftances, which  produce  no  effe(^t  upon  the  irritable  fibre  as 
long  as  their  degree  of  temperature  is  the  fame  as  that  of 
the  fibre  with  v/hich  they  come  into  contavSt. 

In  the  fecond  clafs  (negative  ftimuli)  he  arranges  fome 
of  the  moft  fatal  poilons.  And  it  is  on  this  account  that 
the  oxygenated  muriatic  acid  is  fo  deadly  a  poifon  to  all 
organized  bodies.  •  It  deftroys  them  by  the  furcharge  of 
irritability,  or  by  fuperoxygenating  them  ;  and  theconfe- 
quence  is,  it  is  changed  into  common  muriatic  acid.  Ar- 
fenic  in  it's  metallic  ftate  has  no  effed;  but  the  white  oxyd 
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of  this  metal  is  on©  of  tke  moft  excruciating  and  terrible 
polfons.  The  oxygenated  metallic  falts,  as  corrofive  fub- 
limate,  or  oxygenated  muriat  of  mercury  and  butter  of  an- 
timony, produce  the  fame  efie6ls.  Alfo  the  oxyds  of  fil- 
ver  and  mercury  produce  more  or  lefs  eftcds  on  the  orga- 
nized fibre,  according  to  the  quantity  of  oxygen  they 
contain.  The  black  oxyd  of  mercury,  or  ^Ethiops  mi- 
neral, produces  little  or  no  a6lion  ;  whilfl  the  red  oxyd  of 
the  fame  metal  produces  the  mod  terrible  eflfe^ls,  and  de- 
flroys  organized  bodies  in  a  very  fhort  time.  The  action 
of  the  fulphats  of  tin  and  lead,  and  the  acetates  of  lead 
and  copper,  is  the  fame  on  the  organized  fibre. 

He  atTerts  that  the  animal  as  well  as  the  vegetable  or- 
ganized fibre  decompofes  the  water  with  which  it  comes 
into  contaiSl ;  that  the  greateft  part  of  the  water  we  drink 
is  decompofed,  then  recompofed ;  that  it  is  another  method 
\^hich  nature  makes  ufe  of  to  furnifli  organized  bodies 
with  the  oxygen  neceflliry  to  preferve  their  life  and  irrita- 
bility. Hunger  he  looks  upon  as  the  confequcnce  of  ac- 
cumulated irritability  in  the  fyftem  5  and  for  ?  fubflance  to 
be  nourifhing,  it  is  nccefTary  for  itto  be  a  pofitlve  ftimulus, 
7.  e,  it  mufi:  have  a  great  affinity  for  the  oxygen  with 
which  the  fvftem  is  overloaded,  by  which  it  gives  tone  to 
the  fibre,  and  (lops  the  difagreeable  fenfation  of  hunger. 
Different  fubftances,  therefore,  are  only  nourifhing  in 
proportion  to  their  affinity  for  oxygen.  It  is  on  this  ac- 
count that  living  animal  fubflances,  as  oyflers,  afford  little 
or  no  nouriflmient,  becaufe,  being  already  faturated  with 
c>:y<;cn,  they  cannot  combine  with  it  j  and  hence  the  well- 
N  known  obfervation,  that  oyfiers  increafe  the  appetite. 
Likewife  animal  jellies,  fruits  and  vegetables,  in  general, 
nourifli  very  little,  or  not  at  all.  The  flefh  of  newly- 
killed  animals  is  not  fo  nourifhing  as  that  kept  for  fome 
time,  and  when  raw  is  Icfs  fo  than  roaflcd.  From  this 
arifes  all  the  art  of  the  cook,  which  only  cdnfiffs  in  dt*- 
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priving  the  flefli  of  it's  oxygen  by  different  ftimulating 
fubiiances,  fiich  as  heat,  oils,  fugar,  alcohol,  and  other 
fuljltances  that  iiavc  a  great  affinity  to  oxygen,  and  are 
very  nnuii{hing.  In  th,e  Eaft-Indies,  millions  nourifh 
thcmfclves  by  e.ating  fmall  quantities  of  opium  when  their 
crops  of  rice  fail.         » 

Third  is  a  ftate  of  the  fvTtem  oppofite  to  that  of  hun- 
ger; it  is  a  fcnfation  that  indicates  anexhauflion  or  want 
of  oxvcen.  Water  therefore,  on  being  decompofed,  as  it 
comes  into  conlacl  with  the  fibre,  gives  up  it's  oxygen  to 
Hop  this  difagreeable  fenfation.  The  fame  happens  with 
vegetable  acids,  which  are  aKvays  decompofed  in  the  fto- 
machs  of  animals.  .Ifthefe  acids  are  the  beft  remedies 
againft  the  cfFeds  of  narcotic  poifons,  it  is  owing  to  their 
givingupthe  oxygen,  ondecompofition,  tothefibre  which 
thefc  poifons  have  deprived  of  it.  Hence  vinegar  cures 
the  eife6ts  of  opium  and  drunkennefs,  which  is  likewife 
effeiSled  by  a  large  quantity  of  water.  The  freflmefs  of 
the  air  after  rain  arifes  from  the  aqueous  vapours  coming 
into  contact  with  our  bodies,  and  reftoring  to  them  their 
loft  oxygen.  That  Angular  infe61:  the  rotifer  may  be  re- 
vived, after  having  been  perfe6tly  dried,  by  moiftenlnc^  it 
with  water,  which,  on  being  decompofed,  reftores  to  it 
it's  oxygen,  and  confequently  it's  irritability,  of  which 
the  ftimulusof  heat  had  deprived  it. 

In  the  third  clafs  (pofitive  ftimuli)  he  arranges  alcohol, 
fulphurieasther,  opium,  and  other  narcotics;  oil  of  laurel, 
and  oils  in  general ;  fat,  fugar,  &:c.  All  the  fubftances 
are  combulliblc  ;  /.  e.  they  have  a  great  affinity  to  oxvgen ; 
and  it  is  bv  the  fame  property  they  deprive  the  organized 
fibre  of  it's  irritability,  by  uniting  vi'ith  the  oxygen  they 
contain.  Amongft  the  pofitive  ftimuli  that  produce  the 
moft  terrible  eflo^ts-  are  thofe  of  the  putrid  fever  or  plague, 
and  of  mf'phitic  gas,  which  exhales  from  putrid  animal 
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fubftances  v/here  the  common  air  is  not  able  to  penetratCj 
as  in  tombs.  The  affinity  of  mephitic  gas  for  oxygen  is 
fo  great,  that  as  foon  as  it  conies  into  contad  with  the  or- 
ganized fibre  it  deprives  it  of  all  it's  oxygen,  and  produces 
death,  which  is  fometimes  immediately.  The  beft  way 
therefore  to  prevent  the  effe(5\s  of  this  gas,  is  to  detonate 
nitre  on  burning  coals.  The  oxygen  of  the  nitre  com- 
bines with  the  gas,  and  renders  it  inert ;  and  hence  the 
life  of  refpiring  oxygen  gas  by  thofe  who  are  fufTocated  by 
it,  and  the  freflmefs,  as  they  exprefs,  which  it  affords. 
Humboldt,  Humboldt,  who  has  written  an  ingenious  trcatife  on  the 
nature  and  properties  of  the  Galvanic  fluid,  looks  upon 
irritability  to  be  the  common  foundation  of  all  vital  adion  j 
and  that  it  depends  upon  the  property  of  the  elementary 
parts  of  the  mufcular  fibre  to  change  their  relative  fitua- 
tion  on  the  approach  of  a  ftronger  or  weaker  ftimulus, 
vvhilftinthe  fenfible  fibre  of  the  nerve  a  fluid  is  accumu- 
lated called  the  Galvanic  fluid  j  and  he  likewife  aflerts, 
that  by  means  of  this  Galvanic  fluid  the  ftate  of  the  irrita- 
ble capacity  of  a  nerve  or  mufcle  may  be  afcertained,  for 
which  experiment  a  metallic  ilinnilus,  compofcd  of  zinc 
and  filver,  is  neceflary.  According  to  this  chemical  phy- 
fiologift^  many  of  the  opinions  of  Girtanncr  on  the  fub- 
je£l:  of  irritability  are  erroneous  5  for,  from  various  expe- 
riments, not  only  the  irritability  of  the  mufcular  fibre  is 
to  be  increafed  by  fubftances  that  contain  no  oxvgen,  but 
he  found  that  a  fluid  containing  no  oxygen  incrcafes  the 
irritability  of  the  fibre  more  than  any  other  known  irri- 
table nieani'.  '1  hus,  if  two  organs  of  equal  irritability  be 
dipped  in  an  alkaline  folution,  and  in  oxydatcd  muriatic 
acid,  the  firft  will  become  irritated  to  powerful  motion, 
whilft  the  other  remains  motionlefs  ;  but  according  to  the 
theory  of  oxygen,  as  a  material  principle  of  irritability,  the 
contrary  might  be  expe«^\ed.     Similar  appearances  take 
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place  when  alcohol,  mufk,  camphor,  tartar  emetic,  and 
muriated  barytes,  are  ufed ;  fubftances  fuppofed  to  contain 
little  or  no  oxygen. 

With  refpe£l  to  bodies  that  Increafe  or  diminifli  irrita- 
bility, he  found, 

]ft.  That  all  bodies  containing  oxygen  increafed  or 
augmented  the  irritability  of  the  nerves,  fuch  as  the  oxyge- 
nated muriatic  acid,  oxyd  of  arfenic,  &c. 

2d.  That  all  bodies  which  abforb  oxygen  diminifh  or 
lejfen  this  irritability  j  fuch  as  the  fulphuret  of  potafti, 
folution  of  potafli,  nitrovis  gas,  8cc. 

With  refpeft  to  the  ftrji,  if  a  large  nerve  be  laid  bare, 
as  the  crural,  and  if  it  be  touched  with  fubftances  con- 
taining oxygen,  as  the  acids,  it  lliows  an  irritability.  The 
fame  takes  place  with  very  irritable  mufcles  ;  as  the  heart 
of  a  frog,  when  it's  motion  begins  to  diminifh,  by  being 
plunged  into  an  acid  liquor,  fuch  as  the  oxygenated  mu- 
riatic acid,  has  it's  irritability  reftored  to  it. 

With  refpecSl  to  ih^fecond.  If  this  heart,  however,  re- 
mains too  long  in  the  acid,  it's  irritability  is  too  much 
increafed,  by  receiving  too  great  aquantity  of  oxygen,  and 
the  motions  ecafe.  To  make  them  therefore  reappear, 
fubftances  muft  be  employed  that  can  abforb  this  excefs 
of  oxygen,  fuch  as  the  fulphurets  of  potaih,  alkalis,  &c. 
Thus,  by  moiftening  the  heart  by  thefulphuret  of  pota(h, 
it's  motions  recommence.  But  the  abforption  of  oxygen 
foon  takes  away  all  irritability  :  hence  the  motions  ceafe 
again ;  and,  to  make  them  reappear,  the  oxygen  muft  be 
rendered  to  it  again,  by  dipping  it  in  the  oxygenated  mu- 
riatic acid. 

He  found  that  heat,  alcohol,  &c.  equally  reanimate  the 
actions  of  the  heart ;  that  the  arterial  blood  produces  the 
fame  effeft,  from  it's  containing  oxygen,  but  not  the  ve- 
nous blood.  If  the  nerve  of  a  part  be  tied,  it  lofes  it's  ir- 
ntability ;  and  the  fame  happens  if   the  artery   be  tied? 
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w"hich  carries  the  blood  to  it,  as  Hallcr  has  proved.  The 
explanalion  this  chemical  phyfioIogKl  gives  of  thefe  fads 
is  the  following.  He  lays  down  three  principles  as  nc- 
ceflary  to  excite  the  irritability. 

1.  Oxygen,  which  forms  combinations  with  different 
acidifiablc  bafes. 

2.  The  acid:Jiable  bafes  of  the  fibre  with  which  the 
oxygen  may  combine.  Thefe  acidifiable  bafes  are,  carboy:, 
with  which  it  forms  carbonic  acid,  or  oxyd  of  carbon  j 
hydrogen,  with  which  it  forms  water,  or  oxyd  of  hydro- 
gen J  a%ot,  with  which  it  forms  oxyd  of  azot  j  phofphorus, 
with  which  it  forms  oxyd  of  phophorus. 

3.  The  Galvanic  fluid. 

Thefe  combinations,  however,  of  oxygen  with  the 
acidifiable  bafes  of  the  fibre  cannot  take  place  alone,  the 
fame  as  azot  and  oxygen  mixed  together  do  not  produce 
nitric  acid  j  but  if  the  electric  fpark  is  made  to  pafs 
through  this  mixture,  the  azot  and  oxygen  combine,  and 
the  produiSl  is  the  nitric  acid. 

The  Galvanic  fluid  produces,  according  to  Humboldt, 
the  fame  effe6l  in  the  animal  economy  as  the  eleftric 
fluid  in  the  mixture  of  azot  and  oxygen.  It  is  ibis  Gal- 
-  vanic  fluid  that,  being  conve)ed  bv  the  nerves,  brings 
about  the  combinations  of  the  oxvoen  with  the  different 
acidifiable  bafes  of  the  fibre;  but  when  the  nerve  of  a 
part  is  tied,  it  prevents  the  fluid  from  pafling,  which  ex- 
plains the  reafon  of  the  irritability  being  dellroved. 

The  oxyoen  neceffTary  for  thefe  unions  is  carried  by  the 
arterial  blood  in  the  courfe  of  circulation  \  and  the  acidi- 
fiable  bafes  which  are  to  unite  with  it  are  found  to  be 
already  prefent  in  the  fibre. 

He  found  that  every  thing  that  augments  too' much  the 
quantity  of  the  acidijiable  bafes  diminiflies  tiic  irritability, 
and  that  every  thing  that  incrcafcs  too  much  the  cjuaiilifv- 
of  oxygen  li1>:ewife  diminiftjcs  it  J   and  he  thinks  it  very 
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probable  that  the   fame  takes  place  with  refpeiSl  to  the 
proportion  of  the  Galvanic  fluid. 

It  is  therefore  only  in  ajuft  equilibrium  of  thefe  prin- 
ciples that  the  neceflary  irritability  of  the  parts  confids; 
and  the  manner  of  it's  operation  this  phyfiologift  thinks 
may  be  conceived  in  the  following  way  : 

Suppofe  a  fibre  to  be  compofed  of  the  following  parti- 
cles 00 00  0 Of  which,  a.re  acidifiable  bafes,  azot,  hydro- 
gen,  carbon,  phofphorus  j  the  arterial  blood  then  carries 
the  oxygen  to  theiu,  and  the  Galvanic  fluid,  conveyed  by 
•the  nerveSj  making  a  difcharge  into  the  mufcles,  the  aci- 
difiable bafes  combine  by  this  means,  and  they  approach 
each  other  from  their  affinity  becoming  llronger,  and  the 
fibre  is  then  fliortened  and  contra6led.  In  order  to  con- 
ceive the  manner  of  the  difcharge  in  the  internal  part*  of 
the  body,  it  is  neceflary  to  call  to  mind  the  manner  of 
it's  a<Slion  externally. 

For  infl:ance,  let  the  nerve  be  apjn,  which  is  difliributed 
in  the  mufcle  o  o.  The  portion  m  of  the  nerve  w  hlch  is 
difl:ributed  in  the  mufcle  oo  communicates  to  it  a  portion 
of  it's  Galvanic  fluid ;  whilft  the  portion/)  a  fuppofed  to  be 
detached  from  the  mufcle,  and  furrounded  by  air,  which 
is  not  a  condu6lor  of  this  fluid,  preferves  it  wholly.  This 
portion  ^«  contains,  then,  more  Galvanic  fluid  than  the 
mufcle  0.  If,  therefore,  thefe  two  portions  be  direftly  put 
into  contact,  there  will  innnediatelv  be  a  diicharge  of  the 
Galvanic  fluid,  which  will  pafs  from  the  nerve  a  into  the 
mufcle  0. 

The  irritability  may  be  likewife  excited  by  efl;abllfliing 
a  communication  between  the  nerve  and  the  mufcles  by  '' 
means  of  animal  fubflianccs,  ascondu6tors,  fuch  as  pieces 
of  flefli  or  of  nerve  ;  alfo  by  placing  a  homogeneous  me- 
tal, moiftencd  on  one  fide  with  an  evaporable  fluid,  as 
water,  between  them. 

It  is  the  fame  with  refpei51:  to  mufcular  motion  internally. 
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In  a  ftale  of  repofe,  the  nerve  being  inferted  In  the  muf- 
cles,  the  gaftric  fluid  is  put  into  an  cr|uilibr'uini  in  the  or- 
gans that  touch  each  other.  The  fpontancous  motion  is 
made  by  a  furcharge  of  Galvanic  fluid  into  the  nerve.  It 
appears  that,  the  inftant  we  wi{h  to  make  a  motion,  the 
Galvanic  fluid  produced  in  the  brain  is  carried  in  niafs 
towards  the  part  that  ought  to  move,  and  furcharges  the 
nervous  fibres.  A  difcharge  from  the  nerve  is  then  made 
into  the  mufclcs.  The  parlicles  of  thefe  laft,  animated  by 
increafcd  affinities,  approach  each  other,  and  it  is  this  that 
conftitutes  the  phaenomena  of  contraction.  The  acidifi- 
able  elements,  azot,  hydrogen,  carbon,  and  phofphonis,  of 
which  the  mufcular  fibre  is  compofed,  combine  amongft 
themfelves,  and  with  the  oxygen ofthc  arterial  blood.  Muf- 
cular motion,  therefore,  is  productive  of  an  aqueous  fluid, 
as  fweat,  carbonic  acid,  nitric  acid,  oxyd  of  phofphorus, 
ammonia,  foda.  The  Galvanic  fluid  being  dccompofed, 
or  rendered  latent  by  contraiTtion,  and  the  chemical  phie- 
nom^ena  that  accompany  it,  the  particles  of  the  mufcle 
reenter  the  fphere  of  their  primitive  altranion. 

If  the  Galvanic  fluid  is  carried  away  without  the  direc- 
tion of  the  will  (as  Is  the  cafe  in  difeafes),  and  in  too 
great  quantity  to  one  part,  it  gives  rife  to  fpafm  and  con- 
vulfion,  which  lafl:  has  been  put  a  Hop  to  bv  the  touch  of 
metallic  fubftances,  which,  being  conductors  of  the  Galva- 
nic fluid,  diflipate  it.  It  is  upon  this  principle,  according 
to  Humboldt,  that  Perkinifm  is  founded,  ur  the  method 
of  curing  difeafes  by  metallic  points.  Dr.  Rafn  of  Co- 
penhagen has  publifhed  a  book  on  this  fubjeft.  The 
manner  of  ufing  them  is  to  prefent  them  to  the  difeafed 
part,  and  relief  is  faid  *o  have  been  the  confoquence.  The 
metallic  points  arc  commonly  made  of  Heel  or  filvcr,  and 
are  ufed  in  different  manners.  If  by  thefe  the  patient  has 
in  reality  been  relieved,  it  may  be  fuppofed  to  have  arifen 
from  diminiflilng  or  increafing  the  Galvanic  fluid  in  the 
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part  relieved  J  and  it  is  perhaps  on  the  fame  principles 
that  magnetic  plates  have  produced  the  good  effedts  on 
applying  them  in  the  fame  manner  to  the  difeafed  part, 
if  it  be  true  that  cures  have  been  effedied  by  them. 

Mufcular  motion,  from  what  has  been  faid,  alvi^ays 
fuppofes  an  abundant  emiflion  of  the  Galvanic  fluid,  and 
the  fame  is  the  cafe  with  all  the  other  fun£tions.  Thus 
digeftion  only  operates  by  the  Galvanic  fluid,  which  ren- 
ders the  gaftric  powers  adllve.  Thought  alfo  equally  re- 
quires the  Galvanic  fluid,  which  is  conveyed  to  the  place 
where  it  is  to  be  put  into  execution  :  hence,  in  the  time  of 
digeftion,  it  is  to  be  fuppofed  that  thought  either  cannot 
take  place,  or  that  it  fliould  turn  the  Galvanic  fluid  elfe- 
where,  and  the  digeftion  be  difturbed.  And  as  thought 
likewife  requires  a  great  deal  of  Galvanic  fluid  in  the  think- 
ing organ,  it  is  necefl^ary  that  all  the  other  motions,  except 
the  vital,  be  fufpended,  or  thought  cannot  be  made  freely. 

On  this  hypothefis,  therefore,  the  different  animal  func- 
tions are  a  feries  of  continual  combinations  made  in  the 
body. 

The  chief  principles  of  the  animial  fibre,  according  to 
the  ingenious  philofopher  Davy,  appear  to  be  nitrogen,  Da'.y. 
hydrogen,  carbon,  oxygen,  and  light.  He  thinks  the  im- 
mediate caufe  of  irritable  adion  to  be  moft  probably  the 
combination  of  the  oxygen  with  the  hydrogen  and  carbon 
forming  water  and  carbonic  acid,  and  liberating  the  azot 
and  electric  fluid  ;  flnce  it  is  certain  that  water  and  car- 
bonic acid  are  liberated  during  mufcular  adlion  ',  and  pro- 
bably azot,  and  light  in  it's  condenfed  ftate  eledlric  fluid  ; 
as  it  is  well  known  that  the  torpedo  and  fome  other  ani- 
mals give  out  the  eleftric  fluid  during  anitnal  adlion.  He 
thinks  that  in  rqan  the  quantity  is  probablv  too  fmall,  and 
too  flowly  liberated,  to  be  afcertainable.  He  looks  upon 
the  laws  of  mind  to  be  moft  probably  not  different  from 
the   laws  of  corpufcular  motion ;  that  every  change  in 
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our  fcnfations  rnufl  be  accompanied  with  feme  corre- 
fpondent  change  in  the  organic  matter  of  the  body  ;  but 
thefe  changes  an  extenfive  and  philofophic  chemiftry 
mufl  enable  us  to  find  out ;  that,  by  the  difcovery  of  them, 
we  flunild  be  informed  of  the  laws  of  our  exiftcncc,  and 
probably  enabled  in  a  great  meafurc  to  deftroy  our  pains 
and  increafe  our  pjeafures.  Thus  would  the  fcience  of 
chcmiilry  becomethe  moft  fublime  and  important  of  all. 

Tra£latus  dc  Natura  Subftantiee  energctica,  feu  de  VitJe 
Natura,  a  Francifco  Gliflbnid.  London,  1672. — The 
Connexion  of  Life  with  Refpiration,  &c.  by  Edmui^d 
Goodwyn,  M.  D.  p.  99.  London,  1788. — Memoire  fur 
rirritabilite,  conlidcreG  comme  Pdincipe  de  Vie  dans  la 
Nature  organifie,  par  M.  Girtanncr. — Journ.  de  Phyf. 
1790.— Verfuch  iiber  die  Lebenflcraft,  von  J.  D.  Brandis. 
Ilaaovcr,  ]  793. — De  la  Metherie,  in  his  Journal  de  Phy- 
lique,  p.  32.  torn.  48.  Paris,  ]  799- — Hufeland  die  Kunfl 
des  Menfchlichc  Leben  zu  verlangern.  Jena,  1798. — ^Ver- 
fuche,  Sec.  nebft  vcrniuthungen  iiber  den  Chemifchcn 
Procefs  des  Lebens,  &c.  von  F.  Alex,  von  Humboldt. 
2  vols.  Berlin,  1799. — Obfervations  concerning  the  Vital 
Principle,  by  John  Ferriar,  M.  D.  Manchefter  Memoirs, 
vol.  iii.  p.  216. — Three  Lc6lures  upon  Animal  Life,  by 
Benjamin  Rufli,  M.  D.  Philadelphia,  1799- 
Refpiration.  Refpiration. — The  proccfs  which  nature  employs  to 
oxygenate  the  blood,  by  means  of  the  lungs,  is  called  re- 
fpiration ;  a  funtSlion  not  only  enjoyed  by  the  animal,  but 
alfo  io  fome  degree  by  the  vegetable  creation ;  and  fo  ef 
fential  is  it  to  life,  that  wherever  vital  organization  is 
found  to  exift;  there  is  no  exception  to  the  general  rule. 
Carnpofed  This  fun6lion  is  compofed  of  two  a6lions;  the  dilatation 
wis]"  hi'fpi'-'  of  the  thorax,  by  which  a  quantity  of  air  is  received  into 

rati:ni  and     ^^^^^,  lunfTS  ;  and  it's  contraction,  bv  which  the  air  is  expelled 
espiiatioii.     ,  '-  ,  / 

from  them  :   and  thefe  two  adlions  take  place  alternately. 

According  to  the  prefcnt  theory  of  refpiration,  infpiratioa 
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is  the  means  of  communicating  the  oxygen  of  tha  air  to 
the  blood,  which,  in  confequence,  is  changed  from  a  dark 
*o  a  fluid  red  colour,  and  there  is  an  extrication  of  caloric 
producing  animal  heat.  Expiration,  on  the  contrary,  is 
found  to  convey  what  might  be  hurtful,  fuch  as  fixed  air 
and  aqueous  vapour  out  of  the  lungs. 

In  all  animated  beings,  the  final  intention  of  this  func- 
tion is  the  fame  ;  but  on  examining  the  parts  in  different 
claffes  of  animals,  the  organs  by  which  refpiration  is 
produced  are  exceedingly  varied.  On  taking,  however, 
a  general  view,  perhaps  the  moft  fimple  divifion  of  the 
i;efpiratory  organs  will  be  the  following. 

1.  Lungs,  as  in  man  j    quadrupeds  of  the  two  orders  ',  Divifion  of 
birds  5  and  the  cetaceous  clafs.  t  eorj^uiu- 

2.  Gills,  as  in  fifhes. 

3.  Stigmata,  or  holes  in  differCrit  part'-of  the  body,  as 
in  infefts. 

Of  thefe  three  fpecies  there  are  great  varieties  of  form,, 
but  tho  office  in  which  they  are  employed  is  the  fame; 
thus  the  varieties  of  the  firlt  and  laft  fpecies  of  refpiratory 
organs  communicate  the  oxygen  to  the  blood  b\'  the  at- 
mofphere,  whilfi;  thofe  of  the  fecond  fpecies  communicate 
it  by  water. 

There  are  two  obfervations  which  have  been  made 
upon  the  refpiratory  organs  of  animals. 

I.  The  quantity  of  blood  is  found  to  be  in  a  given  ratio  ObfenM- 
to  the  perfciSfion  of  their  refpiration,  whilfi:  the  difference  diff.  remoi- 
of  the  circulatory  organ  or  heart   is  always  in  a  ratio  to  Piiati°!n'^^" 
tbatobfervod  in  the  refpiratory  organ  ;  both  of  thcfe  func- 
tions undergoing,    In  fome  meafure,  a  gradual  degenera- 
tion in  ths  different  claffes  of  animals,  and   the  animal 
heat  keeps  the  fame  ratio  ;  hence  afcale  may  be  formed 
of  ihefe  irradations  in  the  followino-  manner. 
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1.  Quadrupeds.  C.  Ceta- 
cc.i.  .3.  Birds. 


Blood  ill  large  quantity, 
and  hot. 


'I'wo  ventricles  in  the 
heart. 


Rcfpire  by  lungs,  and 
frequently. 
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*■  It  "^i-^:''^"'  I  ••  I"f«^<S»-  8- Worms, 
pents    t)    Fifhc^.         ' 


Blood  in  fmall  quantity, 
and  nearly   cold. 


One  ventricle. 


Rcfpire  at  long  inter 
vals;  fome  by  lungs, 
others  by  gills  in  their 
imperltiil    ilate,    and 
others  always  by  gills. 


A  white  liquor  inftcad 
of  blood. 

Heart  ofdiffercnt  forms, 
or  unknown. 


Refpireby  ftigmata,  or 
by  unknown  meaus. 


1.  Of  quadrupeds,  cetacea,  and  birds,  the  laft  have 
the  mod  extenfive  lungs,  and  they  are  found  to  exceed  the 
two  other  orders  in  pofleffing  a  higher  temperature;  but 
this  perfe<5^n  of  their  refpiration,  as  it  has  been  called, 
has  it's  difadvantages ;  and  they  are  the  firft  to  feel  the 
bad  eflffcls  of  noxious  airs,  which  have  been  proved  by 
experiment  to  befooner  fatal  to  them  than  to  the  others. 

2.  Oviparous  quadrupeds,  ferpcnts,  and  fi  flics,  have  their 
blood  flill  lefswarm,  their  lungs  fmaller;  and  whether  gills 
or  lungs,  a  fmaller  quantity  of  oxygen  isofcourfecommu- 
mcated  to  their  blood,  which  is  lefs  in  quantity  than  in  the 
before-mentioned  orders.  Of  the  oviparoifs,  who  can  flop 
their  refpiration  for  forty  or  fifty  minutes,  and  upon  which 
animals  experiments  have  been  made,  they  are  found  to 
refill:  even  carbonic  acid  gas  fijr  a  great  length  of  time,  and 
do  not  die  in  lefs  than  fifty  minutes  ;  a  fmall  portion  of 
blood  only  pafTes  through  their  lungs,  the  reft  being  con- 
veyed immediately  from  one  ventricle  to  another.  Fifties 
have  likcvvifc  lefs  blood  in  proportion  to  their  bulk  than 
quadrupeds,  which  agrees  very  well  with  their  imperfeiSl 
refpiratory  organs.  In  thefe,  however,  there  is  great  va- 
riety. Thus  the  cartilaginous  fpecies  of  fiflies  that  have 
their  refpiratory  organs  more  extended  than  others  have 
likewife  a  larger  proportion  of  blood.  The  pike,  alfq, 
the  organs  of  which  arc  more  complete  that  thofe  of  the 
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carp,  contains  more  blood,  but  cannot  live  fo  long  out 
of  water ;  and  the  carp,  refpiring  in  a  more  perfeft  man- 
ner than  the  eel,  is  likevvife  furnifhed  with  more  blood. 

3.  With  refpeft  to  infedts  the  difference  'is  more 
(Iriking ;  their  heart  is  membranous,  fcarcely  fufceptible 
of  motion,  and  inltead  of  lungs  they  have  only  veflels 
diftributed  to  different  parts  of  the  body.  Their  blood, 
if  it  can  be  fo  called,  has  not  that  red  colour  which  cha- 
radlerizes  that  fluid  in  other  animals ;  but  they  are  very 
tenacious  of  life,  and  are  not  eafily  deftroyed  on  refpiring 
noxious  airs.  Thus,  according  to  Young,  animals  of 
this  order,  as  wafps,  &c.  when  expofed  to  carbonic  acid 
gas,  although  they  become  torpid  at  firft,  foon  recovered 
from  their  lethargy,  and  appeared  to  fuftain  the  effefts  of 
the  air  without  any  inconvenience. 

II.  The  fecond  obfervation  which  has  been  made  re- 
fpecSling  the  organs  of  refplration  is,  that  the  more  per- 
fect refpiration  is,  the  more  are  it's  organs  concealed. 
Thus  birds,  whofe  refpiration  is  fo  perfect:,  at  leaft  ac- 
cording to  BrouflTonet,  have  the  air  conducted  even  into 
the  cavities  of  the  greater  part  of  their  bones  ;  aad  con- 
fequently  their  organs  are  more  internally  (ituate  than 
thofe  of  quadrupeds,  in  which  the  lungs  only,  defended  by 
the  thorax,  are  more  concealed  than  thofe  of  the  oviparous 
tribes,  the  refpiratory  organs  of  which  are  placed  externally 
during  the  firft  period  of  their  life,  and  internally  the  re- 
maining part,  v^hen  their  metamorphofis  obliges  them  to 
breathe  the  atmofpheric  air.  The  organs  of  fiihes,  or 
their  gills,  are  nearly  uncovered,  and  may  be  feen  with- 
out deftroying  or  taking  away  any  part ;  but  as  they 
breathe  in  a  more  perfect  manner  than  the  mollufca  and 
aquatic  (hell-fifli,  their  organs  are  even  more  concealed  : 
in  which  laft  they  are  moll  commonly  fituate  externally, 
and  are  perfe^lly  expofed.  It  is  in  thefe  tliat  this  func- 
tion appears  to  be  nearly  effaced  j  and,  in  order  to  dif- 
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covef  it,  we  can,  in  general,  l)C  giiiilccl   only  by   ana- 
logv.     lu  the  vegetable  tribes  the  leaves  are  their  refpira- 
tory  organs,  and  are  only  of  ufe  during  a   part  of  the 
Knowirdje  vear  :  in  winter  they  are  deprived  of  thcni.  The  abfoluie 
cicm^  on"    ncccility  of  breathing  niu(l  eertainly  have  been  known  to 
ti;i5rubj.-d.  t},c  earlieft  ages  of  antiquity  :  it's  great  importance  feenis 
even  to  have  been  acknowledged  by  Mofes  :— "  And  the 
*^  Lord  God  formed  man  of  the  dud  of  the  ground,  and 
*'  breathed  into  h':s  r.rjirils  the  breath  of  life ^  and  man  hi- 
**  came  a  living  fotd.'*  Gen.    ii.  7.  — But  the  difcovery  of 
it's  ufe,   and  more  particularly  the  procefs  which  is  car- 
ried on  in   the   f.dem  during  refpiration^  is,  like  mod 
other  difcoveries  of  the  fiffl  magnitude,  only  of  modern 
date  J  nor  could  the  ancients  have  been  capable  of  form- 
ing any  tolerably  prccife  idea  of  the  fubjecl,  from  their 
ignorance  of  the  nature  of  the  atmofphere  itfclf.    We  are 
informed  by  Diodorus  Siculus,  it  was  an  opinion  amongft 
the  ancient  "Egvplians,  that  the  atmofphere  was  incorrup- 
tible ;  that  it  was  of  fuch  extent   as   to  reach  even  unto 
Heaven  j  that  it's  mod  imf^ortant  oflice  was  in  concurring 
,  towards  the  generation  of  all  animals ;  and   it  appears, 
from  the  epithet  of  Glaucopis,  which  they  gave  to  the 
goddefs  of  the  air,  that  they  confidcred  the  blue  firma- 
ment as  pcculi'U  to  it's  colour.  This  opinion  of  airbeinfr 
the  principle  of  all  bodies  was  fupported  by  manv  Greek 
philofophcrs,  fuch  as  Anaximencs,  Diogenes  of  Apol- 
lonia,  and  Archelaus  the  mafter  of  Socrates.     From  tht 
nature  of  air  being  fo  little  underflood,  it  cannot  be  fup- 
pofcd  that  their  notion  of  rcfpiration  could  be  very  exa6t ; 
and  we  are  informed  that  Empedocles  was  of  opinion  it 
was  brought  about  principally  by  the  nofe,  and  that  it  was 
determined  by.  the  void,  which  the  motion  of  the  blood 
alternately  operated  in  a  part  of  the  veins. 

NotwithRanding  the  imperfecl  knowledge  of  the   an- 
cients refpeaing  this  function,  they  knew  very  well  how 
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indifpenfable  the  peccflity  of  air  was  to  the  fupport  of  life, 
that  neither  animal  nor  plant  could  live  without  it.  They 
knew  that  when  animals  had  remained  a  certain  time  in 
a  given  quantity  of  atmofpherical  air,  they  began  to  lan- 
guish, and  become  to  all  appearance  fleepy  ;  that  this  deep 
was  at  firft  peaceable,    but  was  foon  followed  by  great 
agitation ;  that  refpiration  then  became  difficult  and  pre- 
cipitate, and  that  death  fuccccdcd  in  convulfions.    Thcfe  Ariftotk. 
fa6ls  were  well  known  to  Ariftotle,  Eriflratus,  and  Are- 
taeus.    Hippocrates  reckoned  air  a  fpecies  of  aliment  that  Hippocra- 
was  neceflary  to  the  animal  fyftem.     The  opinion,  how- 
ever, which  appears  to  hav6  prevailed  the  longeft  and  moft 
univerfally  amohgft  the  ancients,  was,  that  refpiration  is 
chiefly  intended  to  temper  the  blood,  and  carry  off  the 
fuliginous  vapours  with  which  it  is  loaded  by  the  vital  fire 
conftantly  kept  up  in  the  heart.     This  hypothelis  was 
ftrongly  fupported  by  Galen.     Four  ages  after  Ariftotle  Galea. 
we  find  the  knowledge  of  this  fubjeft  fca?cely  any  fur- 
ther advanced.     PUuv  calls  the  air  the  vital  fpirit,   and  PHny. 
Cicero  affirms  that  the  heart  imbibes  a  fpirit  from  the  air.  Cicero. 
Among  the  moderns,   Defcartes  revived  the  hypothefis  Defcartes. 
v.hich  Galen  had  fo  well  fupported,  and  maintained  the 
fame  vital  fire  in  the  heart,   fuppofing  that  air  v/as  ne- 
ceflary to  cool  and  condenfe  the  blood.     Borelli  reckons  Borelli. 
the  great  ufe  of  refpiration  to  confift  in  the  admifiion  and 
mixture  of  air  with  the  blood,  in  order  to  inform  thyfe 
claftic  globules  of  which  it  is  compofed,  to  give  it  it's  florid 
rednefs,  and  to  prepare  it  for  many  purpofcs  of  the  animal 
ceconomy.     Bathier  was  of  opinion  that,  during  refpira-  Bathier. 
tlon,  the  more  fubtile  and  elaftic  particles  of  the  air  were 
imbibed,  and  the  cruder  pjart  expelled  through  the  pores 
of  the  pulmonary  arteries  into  the  trachea.     Van  Hcl-  "^^-i"  Hei- 
mont  afcribed  the  volatility  of  the  fixed  elements  in  th-o 
food  to   this  air ;    and  Stephenfon  thought  that  the  air 
which  had  circulated  in  the  blood,  and  which  had  heated 
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Boyle.  it  loo  much,  was  exhaled  by  the  kings.  Boyle  and  others 
thought  that  the  air  itfelf  is  not  admitted  to  the  blood,  but 
that  fume  aclivc,  fpirituouy,  and  ethereal  particles  were 
coiunuinicated  to  it ;  that  this  vital  fpirit  pafles  from  the 
lungs  to  the  heart  and  arteries,  and  at  length  becomes  the 
animal  fpirits,  which  are,  bv  this  means,  generated  by 
tiic  air.  Thofc,  on  the  contrary,  who  did  not  admit  that 
the  animal  fpirits  are  derived  from  the  air,  ilill  fay  that 
li>me  other  vital  principle  comes  from  thence.  This  vital 
principle,  imbibed  from  the  air,  Malpighi  calls  a  faline 
vapour  J  Lifter,  an  inflammable  fulfureous  fpirit ;  Vicuf- 
fen<,  a  volatile  acid  fait,  which  keeps  up  the  fermenta- 
tion of  the  blood ;  and  Bryan  Robinfon,  that  it  is  the  aerial 
acid  which  prcferves  it  from  putrefaftion,  and  gives 
ilrength  to  the  animal  fibres.  Hence  he  fuppofes  it  is 
that  we  feel  ourfelves  refreflied  in  cold  air,  as  it  abounds 
with  a  more  acid  quality.  But  of  all  the  opinions  that 
have  been  given   refpedling  the  fumSlion  of  refpiration, 

Afayow.  the  theory  of  Mayow  is  the  moft  deferving  of  attention. 
This  celebrated  philofopher  lived  about  the  middle  of 
the  17ih  century.  He  was  contemporary  with  Boyle, 
Lower,  and  Willis ;  and  fo  acute  was  his  obfervation  of 
natural  phenomena,  and  fojuft  his  judgment  on  the  caufes 
vvhich  produced  them,  that,  with  refpe6l  to  refplration. 
Dr.  Beddoes  has  very  pro})erly  obferved  he  has,  in  fome 
meafure,  anticipated  the  difcoveriesoftheprefentday.  His 
works  give  an  account  of  the  ufc  of  the  air  in  combuftion 
and  refplration,  or  it's  diminution  and  abforption  by  them. 
They  aflert,  in  a  very  clear  and  poGtive  manner,  the  ab- 
furption  of  one  part  of  the  air  by  the  blood,  which  he 
tails  the  vital  part,  as  well  as  the  warmth  of  this  fluid 
produced  by  this  abforption,  or  by  the  prefenceof  air  in 
the  lungs.  Mavow  has  likewifc  fliown  that  the  red  co- 
lour of  the  blood,  and  the  change  of  the  venous  into  ar- 
terial blood,  depend  entirely  on  the  conta«Sl  of  the  atmo- 
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fpheric  air;  and  had  he  known  how  to  have  extra6led  the 
vital  air  of  the  atmofphere  from  the  fubftances  that  ab- 
forbcd  it,  had  he  but  known  it's  properties  when  in  it's 
pure  and  ifolated  (late,  he  would  have  eftablifhed  all  the 
principles  of  the  prefent  theory  of  combuftion,  refpira- 
tion,  and  the  formation  of  acids,  general  ideas  of  which 
are  to  be  found  in  his  works. 

It  appears  from  thefe,  that  1 20  years  ago  he  had  ima- 
gined an  apparatus  by  which  he  could  determine  that  the 
air  was  in  part  fixed,  or  diminished,  and  abforbed  by  com- 
buftion  and  refpiration  ;  that  thefe  two  phenomena  a6led 
upon  it  in  the  fame  manner ;  and  that  there  was  only  one 
part  of  the  air,  the  mofl.  fubtile  and  elaftic,  which  may 
be  called  vital,  and  that  ferved  both  for  inflammation  and 
refpiration.  -*^  What  confirms  our  hypothefis,"  fays  he, 
"  is,  that  the  air,  on  coming  from  the  lungs  of  animals, 
*'  is  found  dimini{hed  in  it's  elaftic  force  on  account  of  it's  ' 
"  nitro-aerial  principles  being  exhaufted  by  refpiration  : 
'^  thefe  experiments  will  prove  the  laft  aflertion.  Attach 
*' a  wet  bladder  to  the  circular  edge  of  the  orifice  of  a 
'^  veflel,  like  a  Ikin  extended  on  a  drum  ;  place  a  fmali 
''  cupping- veflTel  containing  a  moufe  upon  this  bladder, 
*'  and  load  it  with  a  weight  to  prevent  the  animal  over- 
*f  throwing  it.  A  few  inftants  afterward  you  will  fee  the 
*^  cup  adhering  ftrongly  to  the  bladder,  and  this  puflied 
"  into  the  veflel  as  if  the  flame  had  been  under  it.  This 
"  phenomenon  will  take  place  whilft  the  animal  ftill 
''  breathes.  If  you  attempt  to  take  away  the  cup,  you 
^'  will  raife  at  the  fame  time  the  bladder,  which  fl;rongly 
*'  adheres  to  it,  and  with  it  the  veflel  it  covers,  unlefs  it 
"  be  too  heavy  :  and,  in  effect,  a  moufe  put  into  a  cup- 
*'  ping-veflel,  and  applied  to  the  flcin,  is  able  to  fupply, 
'^  to  a  certain  point,  the  flame  which  it  is  cuftomary  to 
''  produce  in  it.     The  refult  certainly  is,  that  the  elaf- 
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liclty  of  ilie  arr  contained  in  th«  veflel  has  been  dimi- 
niOicd  bv  the  rcfpiraiion  of  the  animal,  in  fuoh  a  man- 
ner as  no  longer  to  iufiain  tlie  prelTufe  of  the  atmo- 
fpherc. 

**  To  give  a  better  conception  of  this  fefuJt,  we  (hall 
add  another  experiment  analogous  to  ity  ^'hieh  will 
ferve  to  determine  what  fraftk)i>,  what  part  of  the  air, 
deprived  of  it's  vital  particles  by  refpiration,  is  diminifh- 
ed  in  it's  volume.  An  animal  is  to  be  placed  in  an  in- 
verted glafs,  or  fufpended  in  a  prifon  or  grate  at  the 
top  of  a  glafs  ctrciirbit :  the  orifice  of  the  cucurbit  ia 
then  placed  in  a  }ar/  and  phingcd  into  water^  in  fuch  a 
manner  as  this  may  rife  to  the  fame  height  as  externally, 
which  may  be  attained  by  the  affiftance  of  a  crooked 
fyphon  already  defcribed  :  the  exterior  water  is  to  be 
fomewhat  voided,  fo  that  the  water  in  the  cucurbit  may 
be  better  feen  ;  the  height  of  which  is  to  be  marked  by 
a  paper  glued  upon  the  outfide  of  ^he  veflel.  The 
water  foon  riles  in  the  cucurbit,  and  continues  to  rife 
by  degrees,  although  the  heat  produced  by  the  animal, 
and  the  exhalations  produced  from  it's  body,  would  feem 
to  produce  a  contrary  efifc6l.  In  order  to  terminate  the 
contraAion  the  air  in  the  vefTel  underg^oes  before  it  is 
become  incapable  of  fupporting  the  life  of  the  animal, 
the  following  method  may  be  employed  :  the  fpace  oc- 
cupied by  the  air  is  to  be  meafured  at  the  moment  the 
nioufe  is  introduced,  and  afterward  that  to  which  it  has 
been  reduced  after  the  fuffocation  of  the  animal,  and 
the  afcent  ot  the  water,  which  is  done  by  the  volume 
of  water  employed  to  fill  tliefe  fpaces  :  leaving  the  ap- 
paratus in  the  fame  (late,  the  height  of  the  firft  fpace 
above  the  fccond  is  then  to  be  calculated,  and  the  dif- 
ference is  the  meafure  of  the  volume  and  of  the  clafticity 
diminiihed  by  the   refpiration   of  the   animal.     I  am 


RESPIRATION.  35 

'^  aiTured  by  dlflerent  experiments  made  with  different 
**  animals,  tiiat  the  air  lofes  about  one  fourteenth  of  it's 
**  volume  by  refpiration. 

*'  It  is  then  very  evident^  that  animals  in  refpiring  abforb 
**  certain  vital  and  elallic  particles  from  the  air.  There  is 
■*■*  no  doubt  but  that  there  enters,  by  refpiration,  fome- 
*'  thing  aerial  into  the  blood  of  animals  which  is  neceflary 
"  to  life.  It  is  not  only  for  the  attrition  of  the  blood  that 
"  the  lungs  and  their  funftions  are  deftinedj  &c.  nor  is 
**  it  certain  whether  this  aerial  principle  is  abforbed  by 
*^  the  capillary  tubes^  or  the  extremities  of  the  fanguineous 
**  veflels  :  but  the  air  is  not  lefs  deprived  of  it's  elafticity 
**  by  refpiration  than  bv  combuftion  ;  and  there  is  reafoii 
**  to  believe  that  animals  take  particles  of  the  fame  fort 
**  as  fire  does  from  the  air,  as  the  following  experiment 
**  proves. 

'*  If  an  animal  and  a  lamp  be  enclofed  in  a  glafs  vefTel 
"  which  has  no  communication  with  the  external  air, 
"  which  is  eafily  done  by  inverting  this  veflel  into  water, 
*'  the  light  will  foon  be  extinguiflied,  and  the  animal  will 
"  not  refift  a  long  time  this  cruel  torch,  taedae  ferali.  I 
*'  have  found  by  obfervation,  thatan  animal  enclofed  in  the 
*'  fame  glafs  with  a  lamp  does  not  breathe  longer  than 
"  half  the  time  it  would  have  done  if  alone.  It  is  not  the 
**  fmoke  which  fuffocates  it;  for  fpirit  of  wine,  Ihat  affords 
*'  no  fnioke,  produces  the  fame  effe«St :  but  the  air,  yield- 
**  ing  it's  nitro-aerial  particles  to  the  flame,  can  no  longer 
**  furnifti  the  animal  with  them.  This  has  no  occafion 
**  for  fo  many  igneo-aerial  particles  as  the  lamp  j  for  the 
,  "  lungs,  as  it  were,  go  in  fearch  of  them  to  abforb  them : 
**  3.S  to  the  flame,  it  is  neceffary  for  them  to  be  near  it, 
*'  prefent  themfelves,  and  be  inccffantly  renewed  :  hence 
'*  the  animal  exifts  feme  time  after  the  extinftion  of  the 
"  lamp,  and  when  the  aerial  particles  arealmoft  entirely 
•'  exhaufted.     It  is  on  that  account  that  the  air  in  which 
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**  the  animal  is  fuffbcated  undergoes  more  than  twice  the 

O 

**  diminution  of  that  in  which  a  candle  is  extinguifhed, 
"  as  has  been  fcen.  I  have  tried  in  vain  to  light  again,  by 
"  the  afliftanccof  a  burning  glafs,  the  combuftible  matter 
**  contained  under  the  fame  velfcl  as  the  animal  that  had 
*^  expired  ;  and  ahhougli  it  is  poffiblc  that  the  foggy  feafon 
*' of  the  winter  may  have  produced  fome  incertitude  in 
*^  this  experiment,  it  is  not  lefs  probable  that  the  air 
''  which  is  no  longer  proper  to  fupport  the  life  of  animals 
*'  is  no  longer  fo  to  fupport  flame,  fince  more  aerial  par- 
*'  tides  are  neccifary  for  the  inflammation  of  the  lamp 
*'  than  for  refpiration  :  it  is  however  not  to  be  concluded 
*^  from  hence  that  the  mafs  of  blood  is  in  a  real  combuf- 
«  tion." 

He  alfo  obferve?,  that  mice  and  birds  placed  towards 
the  fupevior  part  of  the  cucurbit  died  fooner  than  thofc 
in  the  inferior  part;  and  that  in  the  firfl;  cafe  the  water 
did  not  rife  fo  high.  He  obferves,  that  if  two  animals  be 
put  at  the  fame  time  into  the  fame  veflcl,  the  one  in  the 
top  part  and  the  other  below,  thefirft:  foon  dies,  and  the 
olher  furvives  it  for  fome  time;  from  which  he  concludes 
that  the  air,  deprived  of  it's  nitro-aerial  particles,  is  be- 
come lighter,  and  that  the  part  of  it  which  flill  preferves 
them  occupies  the  inferior  part  of  the  veflel.  He  fays, 
therefore,  that  an  animal  which  begins  to  fufler  from 
want  of  air  raifes  it's  head  towards  the  upper  part  of  the 
veflTel ;  but  finding  itfelf  more  afl^ed^ed  in  this  place,  it  im- 
mediately plunges  it's  head  below  again,  and  keeps  it  fixed 
at  the  bottom.  He  applies  the  fame  remark  to  a  candle, 
which,  when  carried   to  the   top  of  the  veflel,  is  extin- 

cuiflied  much  fooner  than  below,  becaufe  the  air  be- 
es ' 

comes  incapable  of  fupporting  the  flame ;  and  fince  it  is 
become  at  the  fame  time  lighter  than  the  atmofphcrical 
air,  it  is  pufiicd  towards  the  top  of  the  cucurbit,  and  not 
permitted  to  depart ;  which  proves  that  the  air  is  deprived 
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of  certain  lolid  and  heavy  particles  by  inflammation  and 
refplration,  fmce  it  acquires  lightnefs  on  coming  from  the 
flame  and  the  kn^.gs. 

He  likewife  obtained,  without  knowing  it,  nitrous  air 
or  gas  (by  the  means  of  iron  wire  and  the  nitrous  acid)  ; 
and  having  obferved  the  diminution  of  air  by  this  gas,  he 
with  reafon  compares  this  eifeiSl  to  that  produced  by  can- 
dles and  refplration,  fifty  years  before  Hales  had  obferved 
the  fame,  and  a  century  previous  to  the  difcovcry  of 
Prieftley  refpeAlng  nitrous  air,  and  it's  property  of  form- 
ing nitrous  acid  with  the  vital  air  of  the  atmofphere.  He 
is  of  opinion,  that  the  nitro-apriai  fpirit  is  condenfcd  in 
the  fame  manner  by  the  blood  as  by  the  iron-wire  in  the 
nitrous  acid  (by  which  he  procured  the  gas),  /.  e,  by  fer- 
mentation :  hence  it  is  to  the  fanguineous  fermentation  that 
he  attributes  the  fame  condenfation  in  refplration.  He 
thinks  that  the  fermentation  of  the  blood  is  produced  by 
flie  condenfation  of  the  nltro-aerial  fpirit,  and  this  con- 
denfation by  the  fermentation  of  the  blood  ;  for,  the  par- 
ticles of  this  fpirit  once  condenfed,  he  admits  their  Intro- 
duftlon  into  the  mafs  of  the  blood  ;  and  to  thefe  he  at- 
tributes it's  red  colour,  it's  heat,  and  fluidity.  It  is  on  this 
account,  he  fays,  that  the  blood  is  black  in  that  part  which 
does  not  touch  the  air,  and  very  red  in  that  part  which 
is  in  contact  with  it ;  that  the  venous  blood  is  black,  and 
the  arterial  of  a  (plendid  red  ;  that  violent  exercife  heats, 
by  multiplying  the  infpirations;  that  a  perfon  becomes 
warmer  by  voluntarily  incrcafing  his  refplration  5  that  the 
fevers  of  confumptive  people  arife  from  the  force  with 
which  the  pus  of  the  lungs  attracts  and  abforbs  the 
nitro-aerial  fpirit,  with  which  it  produces  a  great  fermen- 
tation ;  that,  venous  and  arterial  blood  being  placed  under 
the  vacuum  of  Boyle,  the  firft  only  offers  a  few  blebs, 
whilft  the  fecond  is  totally  converted  into  foam.  He 
adds,  that  this  nitro-aerial  fpirit  gives  the  red  colour  to 
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bodies  in  which  it  exills,  as  ^o  the  fuming  fpirit  of  nitre. 
He  compares  the  heat  produced  by  the  condenfation  of 
this  fpirit  in  the  Kmgs,  with  that  produced  by  pyrites  in 
effervefcence  j  and  he  attributes  the  vitriolization  to  the 
fame  caufe. 

Such  are  the  principal  fafts  which  Mayow  delivered  to 
pofterity,  at  a  time  when  the  fubjecls  on  which  he  treated 
were  little  undcrllood,  and  his  experiments  ftlll  lefs  fo, 
by  the  age  he  lived  in.  No  philofopher,  at  the  end  of  the 
lad  century,  had  given  any  tiieory  of  conibuftion  and  re- 
fpiration,   or  any  account  of  the  anaiogv  between  ihcfe 
two  natural  phenomena  ;  of  the  reciprocal  influence  be- 
tween them  and  the  air;  and  of  the   effe6ls  produced  l)y 
this  fluid  compared  with   thofe  of  nitre  on   combuftiblc 
bodies,  with  fo   much  detail  and   fagacious  ingenuity  as 
this  phyfician.     His  works  form  an  epoch  in  the  annals 
of  rcfpiration.  In  giving  Mayow  ail  the  merit  due  to  him, 
it   appears,  however,   that   although  he   liad  determined 
with  great  precifion  the   ufc   of  the  nitro-aerial  fpirit  of 
the  atmofphere   to  be   to   warm  the   blood   and  give  it 
it's  brilliant  red  colour,  he  was   ignorant  whence   thefe 
phenomena  arofe,  and  how  the  air  contributed  to  it :  and 
although  thefe  nitro-aerial  and  igneo-aerial  particles  may 
he  looked  upon  as  the  vital  air  or  oxygen   gas  of  the 
moderns,  he   knew   nothing  of  it's   properties,  nor  the 
change  it  underwent  by  the  aftion  of  flame  and  rcfpira- 
tion. Thefe  explanations  were  referved  for  Prieftley  and 
J^ivoifier. 
Maipighi.         Malpighi  has  been  already  mentioned-     It  ^^as  a   re- 
ceived opinion,  that  one  ufc  of  liie  lungs  was  to  attenuate 
the  blood  ;    and,  according  to  Malpighi,  the  difierent 
parts  of  the  blood  by  this  means  become  thoroughly 
niixed  together  ;  while  others   were  of  opinion,  that  the 
blood  is  condenfed  in  the  lungs ;   and  others,  that  the  glo- 
bule§  un4  all  the  finer  humours  receive  their  configuration 
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there.    Some,  without  confidering  the  air  as  of  any  other 
ufe  than  to  put  the  lungs  in  motion,  thought  that  heat  is 
•produced  in  the  lungs   by  the  attrition  of  the  blood  in 
pafling  through  them.     The  red  colour  of  the  blood  has 
been  thought  by  fome  to  be  caufed  by  fhis  attrition  in 
the  lungs  ^  but  Lower  refuted  this  notion,  chiefly  by  ob-  Lower. 
J'erving  tliAt  the  attrition  of  the  blood  is  greater  in  the 
mufcles,  from  which,  however,  it  always  returns  black. 
Whytt  thought    there  was   fomething  of  a  vital   and 
Stimulating  nature  derived  from  the  air  into  the  blood. 
^  Sir  Ifaac  Newton  imagined  that  the  atmofpheric  air  might  Newton. 
communicate  an  acid  -vapour  to  the  blood  in  the  lungs, 
which  was  neceflTary  to  keep  up  the  adion  of  the  heart. 
According  to  Boerkaave,  airwhich  ha^  not  been  changed  Boerhaa%e. 
-is  deadly  5  not  on  account  of  heat,  rarefa6lion,  or  denfity, 
but  from  fome  other  occult  caufe. 

Dr.  Hales,  who,   if  we  except  Mayow,  has  thrown  HaJe?, 
more  light  on   the  doftrine  of  air  than  any  of  hisprede- 
ceflbrs,  was  equally  ignorant  of  the  ufe  of  it  in  refpira- 
tion,  and  feems  to  have  adopted,  at  diiferent  times,  dif- 
ferent ideas  of  it.     It  appears,  from  various  paflages  m 
his  Statical  Experiments,   that  he  believed  the  red  parti- 
cles acquire  confiderabie  degrees  of  elaftic  vibrations,  if 
not  an  ele»ftrical  virtue,  in  paffing  through    the   lungs  ; 
*'  for  (fays  he),  while  by  the  extraordinary  fri£lions  they 
"  undergo  they  are  much  heated  and  dilated,  they  are  at  the 
"  fame  time  refrigerated  and  contrafted  by  the  frefh  air 
*'  that  is  continually  taken  into  the  kings ;   for  the  coats  of 
''  the  veficles  are  fo  extremelv  thin,  that  thofe  two  fluids  are 
"  fuppofcd  to  be  1-lOOOth  part  of  an  inch  within  contaft 
*f  of  each  other  :  fo  that,  like  blended  liquors,  they  mull 
"  needs  have  a  confiderable  effeft  upon  each  other  ;  the  air 
'*  in  cooling  the  blood,  and  the  blood  in  warming  the  air.'* 
He  is  likewife  of  opinion,  that  the  red  colour  of  the  glo- 
b-kilcs  Intiir.ates  their  abounding  with  fulphur;  that  the 
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air  is  rendered  alkaline  by  breathing;  andlhatfuffocation 
is  owing  to  the  collapfing  of  the  minut-.' vcficles  of  the 
lungs,  in  confequcncc  of  the  confined  air  being  deprived 
of  elaitic^ty,  and  the  contra6tion  occafioned  by  the  fti- 
mulating  fulphureous  vapour.  He  fays  the  venous  blood 
is  not  florid;  which  floridncfs  in  the  arterics.may  be  owing 
to  the  greater  velocity  with  which  it  palVes  through  the 
lungs  than  other  parts  of  the  body;  for  blood  agitated 
much  in  a  clofed  veflel  was  obferved  to  become  very 
florid,  even  as  much  as  arterial :  but  the  great  purpofe 
of  the  lungs  is  to  refrigerate  the  blood. 

HJler.  Haller,   after  giving  the  opinions  of  all  that  went  before 

him,  fays  that  the  ufe  of  the  lungs  is  partly  inhalins;  and 
partly  exhaling ;  that  the  lungs  i.ihale  both  water  and 
air,  but  that  in  them  the  air  iofes  it's  elaftic  property,  fo  as 
to  be  eafily  foluble  in  water  or  vapour  ;  and  he  thinks  it 
probable  that  the  air  fervesas  a  cement  to  bind  the  earthy 
parts  together.  He  does  noi  doubt  but  that  various  other 
matters,  mifcible  with  water,  are  inhaled  by  the  lungs; 
and  he  thinks  it  not  improbable  but  that  the  air  may  carry 
fome  eleclric  virtue  along  with  it.  The  principal  exhala- 
//i9«  of  the  lungs  he  thinks  to  be  water,  abounding  with 
oily,  volatile,  and  faline  principles  ;  and  thefe  oily  and 
fcetid  vapours,  he  thinks,  are  the  fuligiues  of  Galen  and 
the  ancients. 

Cigna.  Cigna,  in  a  work  De  Rcfpiratione,  takes  it  for  granted 

that  air  which  has  been  once  ^efpired  becomes  unfit  for 
further  refpiration,  becaufe  it  is  loaded  with  noxious  va- 
pours, to  be  known  by  their  foetid  fmcll.  He  fays  that  air 
is  diminiflied  bv  refpiration  ;  and  that  air  which  has  been 
breathed  fuffocates  by  means  of  the  irritation  it  occafions 
to  the  lungs,  by  which  the  bronchia,  and  the  lungs  them- 
felves,  are  contracted  fo  as  to  refill  the  entrance  of  the 
air ;  and  therefore  that  refpired  air  is  noxious  on  rtie  fame 
account  as  mephitic  vapours,  or  ihofe  of  burning  fulphur  : 
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that  in  frequently  breathing  the  fame  air  it  becomes  fo 
laaded  with  thefe  vapours  as  to  excite  a  convulfion  of  the 
lunrs,  and  thereby  render  them  unfit  for  tranfmittihg  the 
blood.  He  fuppofcs  that  air  enters  the  pores  of  the  blood, 
retaining  ii's  elaftic  power;  and  that  it  coiitinUcs  at  reft 
there,  becaufe  it's  endeavour  to  efcape  is  countera6led  by 
the  equal  preffu re  of  the  ambient  medium.  This  air  he - 
thinks  is  introduced  by  the  chyle,  and  never  by  the  way 
of  the  lungs,  except  v(^hen,  bv  fome  means  or  other,  the 
equilibrium  between  the  air  in  the  blood  and  the  external 
air  is  loft.  If  the  external  air  be  rarer  than  the  internal, 
the  air  in  the  blood,  expanding  itfclf,  will  inflate  the  ani- 
mal, and  have  the  fame  efre6l  as  air  introduced  into  the 
veins. 

Upon  the  whole,  he  concludes  that  the  principal  ufeof 
air  to  the  blood  is  to  preferve  the  equilibrium  with  the  ex- 
ternal air,  and  to  prevent  the  veflels  from  being  rendered 
imfit  to  tranfmit  the  blood,  on  account  of  the  external 
preffure;  whereas,  by  means  of  the  air  they  contain,  the 
fluids  move  in  their'  proper  velfels  as  freely  as  in  vacuo, 
and  the  membranes  and  vifcera  alfo  eafily  Aide  over  each 
other.  With  refpe^l  to  the  ufe  of  the  lungs,  fince  he 
imagined  that  air  is  not  introduced  into  the  blood  by 
means  of  them,  he  thinks  that  becaufc  fnch  lungs  as  thofe 
of  men  are  given  to  the  warmer  animals  only,  the  chief 
life  of  repiration  is  exhalation,  and  confequently  the 
cooling  of  the  blood. 

On  cafting  the  eye  over  the  variety  of  opinions  which 
for  fo  many  centuries  have  taken  place  of  each  other  re- 
fpe£ling  the  ufe  of  refpiration,  it  may  appear  fomewhat 
extraordinary  that  no  one  fhould  have  been  fo  fortunate, 
if  v/e  except  Mayow,  as  to  conjecture  rightly  ;  but  this 
furprife  will  bediminiftied  onconfidering,  that,  before  any 
real  lightcould  be  thrown  on  this  obfcure  fubjeft,  it  was  ne- 
ceflary  that  the  nature  and  component  part  of  the  atmo- 
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fphcre  \vc  breallie  (lioultl  be  inveftigated  and  niatie  known. 
Some  clicniical  pbilofophcrs  were  engaged  at  the  fame 
time  upon  this  interefting  fubjecl,  and  their  labours  upon 
the  air  and  the  diflerent  jrafes  have  been  crowned  with 
■Pifc^veiy    fuccefs.     A  pure  aerial  principle  was  found  to  exift  in  the 
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f-is  in  the     <"Jr  much  about  the  fame  time  by  Dr.  Priclllcy,  who  called 
'^^^  ^^''^^'  li  dephlogijiicated  air  i  by  Scheele,  who  named  it  empyreal 
air  ;  and  by  Lavoifier,  who  gave  it  the  name  of  highly 
refpir able  or  vital  air  :    and  as  it  was  afterward   found  by 
the  French  chcmifts  to  be  the  acidifying  principle  to  the 
bafis  of  acidsj  they  call  it  oxygen,  or,  in  it's  combination 
with  caloric,  oxygen  gas.     What  therefore  was  only  con- 
jc<5lured  by  ^ayow   to  form   a  part  of  the   atmofphere, 
has  been  proved,  beyond  a  doubt,  to  be  the  great  agent  in 
the  office  of  refpiration  ;  and  as  Boyle,  Hales,  B'^'-'k^  and 
Priefiley,  mav  be  confidered  as  the  firft  who  obfcrved 
with  accuracy  that  refpiration  eKcrcifes  an  cvideqt  action 
on  theatmofpheric  air,  that  it  diminifhes  it's  volume  and 
changes  it's  nature,  and  that,  in  a  ^ery  fliort  fpacc  of 
time,  the  fluid   made  ufe   of  by   this  fun6lion  lofes  the 
•    property  of  fupporting  any  longer  the  life  of  animals,   a 
clew   was  prefented   to   llie  chemical    phyfiolpgift   that 
would  lead  him  to  account  for  all  th.efe  phenomena, 
Staiii'j  At  the  tiiTie  of  the  difcoveryof  oxygen j  as  compofing  a 

part  of  the  atmofphere,  tlic  prevalent  do(2;rinc  was  that  of 
istahl.  Bcccher  had  imagined  a  fubftance  to  exift  in  in- 
Ikmimablc  bodies,  which  is  theprincipleof  inflammabilitv, 
and  wliich  is  called  phlogiflon-y  and  the  genius  of  Stahl 
had  matured  this  into  a  theory,  by  which  he  accounted 
foralmoft  every  chemical  phenomenon.  The  phlogiftic 
fluid  was  either  imbibed  by  or  extricated  from  every  thing. 
The  fe»i"laries  of  Stahl  applied  this  dodrlne  to  explain  the 
effects  of  relplration  ;  and  they  fuppofed  that,  during  the 
a(5lion  of  this  funftion,  a  certain  quantity  of  phlogifto^ 
vyas  exhaled  iVuui  ifec  blood  as  it  paflld  through  the  lungs, 
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which  they  faid  phlogifticaied  the  refjSired  air  in  the  fame 
manner  as  they  had  admitted  it's  phlogiftication  by  com- 
buftion,  the  calcination  of  metals,  and  other  procelTcs 
which  they  called  phlogiftic, 

Amongft  thefe  phiiofophers  was  Dr.  Priefliev.     He  nr.Prieft. 
informs  us,  that  the  property  in  the  air  which  contributes 
to  the  fupport  of  life,  and  the  reafon  that  air  which  has  been 
much  refpired  will  no  longer  ferve  that  purpofe,  were  not 
difcovered  by  any  body  j  and  they  might  have  continued  to 
elude  all  dire£i  invejiigation,  when  they  difcovered  thcm- 
felvesinthe  courfe  of  experiments  upon  airs  which  had  at 
firft  quite  another  object.   According  to  this  philofopher, 
in  the  experiments  it  clearly  appears,  that  refpiration  is  a 
phlogirtic  procefs,  affefting  air  in  the  very  fame  manner 
as  every  other  phlogiftic  procefs,  fuch    as  piitrefaf^tion, 
the  effervefcence  of  iron  filings  and  fulphur,  or  the  calci- 
nation of  metals,  aflfefts  it,  diminifliing  the  quantitv  of 
itinacertain  proportion,  lefTeningit's  fpecific  gravity,  and 
rendering  it  unfit  for   refpiration   or  inflammation,  but 
leaving  it  in  a  ftate  capable  of  being  reftored  to  a  tolerable 
degree  of  purity  by  agitation  in  water,  &c.     Having  dif- 
covered this,  he  concluded  that  the  ufe  of  the  lungs  is 
to  carry  off  a  putrid  effiuvlum^  or  to  difcharge  that  phlor 
giftoft  which  had  been  taken  into  the  fyftem   with  the 
aliment,  and  was  become,  as  it  were,  effetry  the  air  that 
is  refpired  ferving  as   a  menjlrnum  for  that  purpofe.     He 
thinks  the  ufe  of  refpiration  is  confined  to  the  blood,  in 
confequence  of  it's   coming  fo  nearly  into  contaft  with 
the  air  in  the  lungs,  the  blood  appearing  to  be  a  fluid  won- 
derfully formed  to  imbibe  and  part  with  that  fluid  called 
phlogifton,  changing  it's  colour  in  confequence  of  being 
charged  with  it  or  freed  from  it,  and  affefting  air  in  the 
very  fame  manner,  both  out  of  the  body  and  in  the  lungs, 
even  when  various  fubftances  are   interpofed  which  pre- 
vent it's  coming  into  in]mediate  conta6l,with  the  air. 
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The  black  colour  of  blood  Dr.  Pricftley  accounts  for 
as  arifing  from  imbibing  phlogifton,  as  may   be   feen 
from   his  experiments  quoted  on  the  colour  of  blood  j 
'  and  when  he   had    found   how   readily  pieces  of  blood 

changed  their  colour  according  to  the  quality  of  the  air 
to  which  they  were  expofed,  the  next  thing  was  to  exa- 
mine the  liate  of  that  air,  to  find  what  change  had  taken 
place  in  it  j  and  as  dephlogifticated  air  admits  of  a  more 
fenfible  change  of  quality  than  common  air,  he  gave  it 
the  preference,  putting  a  piece  of  crafiamentum,  about  the 
fize  of  a  walnut,  into  about  five  ounce  mcafurcs  of  this 
air. 

This  procefs  he  continued  twenty- four  hours,  changing 
the  blood  ten  or  twelve  times  ;  after  which  he  found  the 
air  fo  far  depraved,  that  whilft,  at  the  beginning  of  the 
experiment,  one  meafure  of  it  and  two  of  niirous  air  oc- 
cupied the  fpace  of  no  more  than  half  a  meafure,  the 
fame  mixtures  afterwards  occupied  the  fpace  of  a  meafure 
and  a  half.  Now,  fince  air  is  univerfally  depraved  by 
phlogifton,  and  in  this  fcnfe  by  nothing  elfe,  he  thinks  it 
is  evident  that  this  black  blood  muft  have  communicated 
phlogifton  to  the  air,  and  of  courfc  it's  change  of  colour 
from  black  to  a  florid  red  muft  have  arifen  from  this  fepa- 
ration  of  phlogifton. 

The  next  day,  when  of  courfc  the  blood  was  nearer 
to  a  ftate  of  putrefaftion,  in  which  every  kind  of  fub- 
ftance  will  injure  refpirable  air,  he  put  a  quantity  of  red 
blood  tinged  in  a  few  places  with  black,  which  he  could 
not  eafily  fcparate  from  it,  to  about  the  fame  quantity  of 
the  fame  dephlogifticated  air,  and  fuffered  it  to  ftand, 
without  changing,  for  the  fame  fpace  of  time  j  when  it 
was  fo  little  injured  that  the  meafures  above  mentioned 
occupied  the  fpace  of  only  two  thirds  of  a  meafure. 

That  blood  has  a   power   of  taking  phlogifton  from  , 
air,  as  well  as  imparting   pldogiftoii  to  air,  he  fatisficd 
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himfelf  by  expofing  blood  of  a  very  beautiful  florid  colour 
to  nitrous,  inflammable,  and  phlogiflicated  airs.  The 
two  firft  kinds  of  air  were  confiderably  dimlniflied  by  the 
procefs,  which  was  continued  two  days,  and  the  blood 
changed  five  or  fix  times. 

The  nitrous  air  loft  a  great  portion  of  it's  power  of 
diminifliing,  /.  e.  phlogifticating  common  air :  for  how 
two  meafures  of  common'  air  and  one  of  this  occupied 
the  fpace  of  two  meafures  and  a  quarter,  inftead  of  one 
meafure  and  three  quarters. 

The  inflammable   air,   though  ftill  inflammable,  was 
rendered  in  fome  degree  wholefome  by  the  procefs  ',  being 
after  this  confiderably  diminiflied  by  nitrous  air,  which  is 
a  ftate  to  which  it  is  brought  by  agitation  in  water,   and 
which,  continued  longer,  deprives  it  of  it's  inflammability 
likewife.     Hence,  in  both  thefe  cafes,  the  red  blood,  by 
becoming  black,  received  phlogifton  from  thefe  two  kinds 
of  air.     As  to  phlogifl:icated  air.  Dr.  Prieftley  only  ob- 
ferved,   that  after  a  few  hours  expofure  to  red  blood  it 
was  fenfibly,  but  not  much,  diminiflied  by  .nitrous  air, 
which  otherwife  it  would  not  have  been  in  the  leafl;  de- 
gree.    This  blood,   however,  was  of  the  lightefl;  co-oury 
or  the  meft  free  from  phlogifton,  of  any  he  had  feen  : 
and  he  has  tried  the  fame  thing,  without  fuccefs,  with 
blood  of  a  lefs  florid  colour,  though  as  florid  as  the  com- 
mon air  could  make  it.  But  as  the  proper  fun6tion  of  the 
blood  is  not  to  receive  (meeting  with  no  phlogiflicated  air 
during  circulation),  but  to  communicate  phlogifton  to  air, 
there  is  not  the  fame  reafon  to  cxpe6t  that  air  will  be 
mended  by  red  blood,  as  that  it  will  be  injured  by  black 
blood.  Dr.  Prieftley  had  imagined  that,  fiuce  black  blood 
contains  more  phlogifton  than  red  blood,  a  fimilar  dif- 
ference would  have   appeared  in  the  air  produced  frona 
tjiem,  either  by  being  fimply  difix)lved  in  fpirit  of  nitre, 
or  when  dried  and  made  into  a  pafte  with  this  acid. 
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But  the  di<Terencc  was  too  ffriadl  to  be  rcnfible  to  this  kind 
of  ted.     He  ufed  blood  from  the  vein  of  a  flieep,   ahd 
from  it's  carotid  artery.     The  quantity  of  air  i'rom  the 
pafte  was  very  great,  artd  produced  irregularly,  as  is  the 
cafe  when  produced  by  afolution  in  fpirit  of  nitre  without 
drying.     Half  the  produce  was   f)xcd  air,  and  the  rell 
'     phlogiRicated,  except  that  a  candle  buri>ed  in  it  with  a 
lambent  blue  flame.     From  this  experiment,  however,  it 
is  evident  that  even  the  mod  florid   blood  contains   a 
confulerablc  quantity  of  phlogifton,   for  othervvife  this 
air  would  have  been  dephlogifticated.     He  found  great 
difference  in  the  conftitution  of  blood,  with  refpe6l  to  it's 
property  of  being  aflcilcd  by  the  influence  of  the  air, 
<fome  becoming  very  foon  of  a  light  florid   colour,  and 
\the  ftratum  of  this   colour  foon  growing  very  thick  : 
others,  in  the  moft  favourable  circumftances,   continued 
mvtch  darker,   and  the  lighter  colour  never  penetrated 
far. 

Being  convinced  afterwards  of  the  reception  of  dephlo- 
gjfticated  air  into  the  blood,  befides  the  emifllon  of  phlo- 
gifton from  it.  Dr.  Prieftley  wiflied  to  determine  how 
much  of  the  dephlogifticated  air  enters  the  blood,  a  part 
of  itbeingemplovcd  in  forming  the^.v^^a/r,  which  is  the 
produ6t  of  rcfpiration,  by  it's  uniting  with  the  phlogifton 
difcharged  from  the  blood. 

To  determine  what  proportion  of  dephlogifticated  air, 
deftroyed  during  rcfpiration,  is  employed  in  forming  fixed 
air,  it  was  neceflary  to  afcertain  the  proportion  of  dephlo- 
gifticated air  and  of  phlogifton  in  the  compofttioa  of 
tixed  air.     He  therefore 

Heated  charcoal  of  copper  in  4!  oz.  m.  of  dephlo- 
gifticated air,  of  the  ftanJard  of  0.33^  till  it  was  reduced 
by  wafhing  in  water  to  8az.  m.  of  the  ftandard  of  1.33. 
Afrain,  he  heated  charcoal  of  copper  in  40.5  oz,  m,  of 
dephlogifticated  air,  ft.  0.34,  till  it  was  reduced  to  6  oz.  m. 
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ft,  1.76  ;  and  in  each  there  was  a  lofs  of  8  grs*  of  the 
charcoal  of  copper  :  fo  there  cannot  be  more  than  6  grs, 
of  phlogifton  in  33  oz.  m.  of  fixed  air;  hence  very 
little  more  than  one  fourth  of  the  weight  of  fixed  air  is 
phlogifton. 

He  heated  perfeiilly  well  burnt  charcoal  of  wood  in 
60  oz.  m.  of  common  air,  and  found  one- fifth  of  the 
remainder  to  be  fixed  air,  the  reliduum,  fl.  1 .7.  Laftiy,  he 
heated  Si  grs.  of  perfect  charcoal  in  70  oz.  m.  of  dephlo- 
gifticated  air,  d.  0A6,  when  it  ftill  continued  70  oz.  m.  ; 
but  after  waflung  in  water  it  was  reduced  to  40  oz.  m, 
fl.  0.6.  and  the  charcoal  then  weighed  i|  gr.  :  fo  that 
from  thcfc  experiments  with  connnon  charcoal,  as  well  as 
from  thofe  with  charcoal  of  copper,  about  one  fourth  of 
the  weight  of  fixed  air  is  phlogifton,  and  confequently 
the  other  three  fourths  are  dephlogifticated  air. 

Dr.  Prieftley  then  wiftied  to  afcertain  the  quantity  of 
fixed  air  formed  in  refpiration  from  atmofpherical  and 
dephlogifticated  airs,  in  order  to  determine  if  any  part 
remained  to  enter  the  blood,  after  forming  this  fixed 
;iir. 

For  this  purpofe  he  breathed  in  100  oz.  ni.  of  atnm- 
fperical  air,  ft.  1.02,  till  it  was  reduced  to  71  oz,  m., 
and  by  wafhing  in  water  to  6j  oz.  m.  ft.  1.45.  The 
computations  made  as  before,  it  will  appear  that,  before 
the  procefs,  this  air  contained  67.4  oz.  m.  of  phlo- 
gifticated  air,  and  35.6  oz.  m.  of  dephlogifticated  air  ; 
that  after  the  procefs  there  remained  33.103  oz.  m.  of 
phlogifticated  and  11.895  oz.  m.  of  dephlogifticated  air, 
and  there  were  only  6  oz.  m.  of  fixed  air  produced,  for 
the  quantity  abforbed  daring  the  procefs  could  only  have 
been  very  inconfiderable.  It  will  therefore  be  evident, 
that  in  this  experiment  20.7  oz.  m.  of  dephlogifticated  air, 
which  would  weigh  1  £.42  grs.,  difappeared :  whereas  all  the 
fixed  air  that  was  found  would  only  have  weighed  4.4  grs. 
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and  one  fourth  of  this  being  phlogifton,  the  dcphlogifti- 
cated  air  that  entered  it  would  have  weighed  only  3.3  grs. : 
confequently  9.12  grs.  of  it  inufl  have  entered  the  blood  ; 
which  is  three  times  as  much  as  that  which  did  not  enter, 
but  was  employed  in  forming  the  fixed  air  in  the  lungs. 

He  breathed  in  100  oz.  m.  of  dephlogifticated  air, 
ft.  1.0  till  it  was  reduced  to  58  oz.  m.,  and  by  wafliing  to 
52  oz.  m.  ft.  1.75,  with  two  equal  quantities  of  nitrous  air. 
The  computations  being  made,  it  will  appear,  that  before 
ttiisproccfs  this  air  contained  66  oz.  m.  of  phlogifticated 
and  34  o7.  m.  of  dephlogifticated  air  ;  and  after  the  pro- 
cefs  there  were  30.3GS  oz.  m.  of  phlogifticated,  and 
21.632  02.  m.  of  dephlogifticated  air.  In  this  cafe,  there- 
fore, the  dephlogifticated  air  that,  difappeared  was 
13.3  oz.  m.,  weighing  7.8  grs.,  and  the  fixed  air  was 
6  oz.  m.,  weisrhino;  44  ors.  :  fothat  here  alfo  about  three 
times  as  much  entered  the  blood  as  did  not. 

Thefe  experiments  he  repeated,  and  always  with  the 
fame  refults ;  the  greater  part  of  the  dephlogifticated  air, 
but  never  the  whole,  pafting  the  membrane  of  the  lungs, 
and  entering  the  blood. 

Dr.  Prieftley  is  of  opinion  that  part  of  the  phlogifti- 
cated air  entered  the  blood  as  well  as  the  dephlogifticated, 
the  dephlogifticated  air^confumed  not  being  of  thepureft 
kind.  He  thinks  it  very  probable,  that  the  deficiency  of 
phlogifticated  air  was  owing  to  the  greater  proportion  of 
it  in  the  lungs  after  the  procefs  than  before. 

When  he  breathed  dephlogifticated  air  that  was  very- 
pure^  he  generally  found  lefs  lofs  of  phlogifticated  air, 
and  in  one  cafe  there  appeared  to  be  an  increafe  of  it ; 
but  there  v/ill  always  be  fome  uncertainty  in  the  refults  of 
the  long  continued  refpiration  of  any  kind  of  air,  as  the 
operation  becomes  laborious  at  laft,  and  the  quantity  of 
air  infpired  and  expired  is  therefore  greater  than  at  firft. 
Being  aware  of  this  eircumftancc,  he  endeavoured  to 
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obviate  it's  effects  by  leaving  off  with  his  lungSj  as  Dearly 
as  he  could  iudge,  in  the  fame  ftate  of  diftenfion  as  when 
he  began,  which  was  always  after  a  moderate  expiration; 
fo  that  two  or  3  oz.  meafures  would  have  made  a  very 
fenfible  difference,  as  will  be  found  by  a6lua1  trial. — Such 
are  the  ideas  of  this  celebrated  philofopher  on  the  function 
of  refpi  ration. 

The  two  great  Swedifh  chemlfts  appear  to  differ  from  Bergman. 
Prieflley,  Bergman  and  Scheele  affirm,  that  the  lungs,  Scheek, 
or  the  blood  they  contain,  abforb  phlogiflon  from  the  at- 
mofpheric  air,  inflead  of  rendering  it,  and  they  have 
fupported  this  opinion  by  very  ingenious  experiments ;  fo 
that,  according  to  them,  the  atmofpheric  air,  being  de- 
prived of  it's  phlogiflon  by  the  lungs,  becomes  incapable 
of  entertaining  life  by  ferving  refpiration. 

This  ingenious  Italian  philofopher  is  of  opinion,  that  Fontanaj 
he  has  proved,  from  experiment,  that  not  only  phlogiflon. 
is  feparated  from  the  lungs,  but  that  fixed  air  is  alfo  dif- 
engaged  from  them ;  of  which  laft  fa6l  he  looks  upon 
himfelf  to  be  the  difcoverer.  The  office  of  refpiration^ 
a.ccording  to  Fontana,  is  that  of  dej5riving  the  blood  of  a  ■ 
fuperabundance  of  it's  phlogiflon.  He  thinks  that  the 
caufe  of  fuffocation  in  refpired  air  arifes  from  two  caufes  | 
for,  fince  the  air  is  found  to  be  compofed  of  two  parts, 
viz.  fixed  and  phlogiflicated  airs,  the  fixed  air  afts  upon 
the  lungs  and  deflroys  life,  becaufe  it  is  not  only  incapa- 
ble of  fupporting  life,  but  a£ls  as  a  real  poifon,  and  may 
be  called  a  pofitive  caufe;  and  the  phlogiflic  air  cannot 
entertain  life,  although  innocetit  of  itfelf,  poffefiling  no 
a6live  power:  but  the  animal  dies  in  it  merely  through 
want  of  atmofpheric  air;  and  this  may  be  called  a  nega- 
tive caufe.  He  thinks  that  one  part  of  the  fixed  air  ex- 
pired by  the  lungs  ought  not  to  be  attributed  to  the  pul- 
monary phlogifton,  as  is  generally  believed,  but  that  it  is 
generated  in  the  animal  machine  ;  whilfl;  Landriani,  in  Landriani, 
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oppofltion,  agrees  with  others,  that  it  arifes  from  the  ex- 
pired phlogidon  uniting  with  the  atniofpheric  air. 

Lavoificr,  from  his  experiments  on  different  airs  and 
on  the  air  of  the  atmofphcrc,  found  that  dcphlogiliicated 
air  might  be  wholly  converted  into  fixed  airby  the  addition 
.  of  powdered  charcoal ;  and  he  read  a  paper  to  the  Academy 

upon  this  fubjeft  in  1 775  :  he  thought  therefore  that  refpi- 
ration  might  be  one  procefs  by  which  this  is  brought  about ; 
and  having  found  that  the  atmofphere  we  breathe  contains 
about  one  fourth  part  of  vital  air,  and  three  fourths  of 
azot  gas,  he  fufpeiled  that  the  dephlogiflicated  air,  when 
taken  into  the  lungs,  is  thrown  out  again  in  the  form  of 
fixed  air  ;  and  that  the  other  part,  which  enters  thelungs, 
and  pafTes  from  them  nearly  in  the  fame  ftate,  without 
any  alteration,  is  merely  paflivc. 

Sufpe£ling,  therefore,  the  theory  of  his  contemporaries, 
and  finding  it  contradl6tory  to  a  great  number  of  pheno- 
mena, he  proceeded  on  a  different  plan,  and  was,  by  the 
confequences  of  his  experiments,  led  to  form  different 
conclufions. 
Experj.  In  order  to  know  the  fpecies  of  alteration  which  hap- 

Lavofr"'^  to  P^'^''  ^^  ^^^  ^'"^  ^^^^^  having  been  breathed  by  animals,  he 
determine    introduced   a   ffuinea-picr  under  a  glafs  bell  which  con- 

the  fpecies         .  .       ^  r  rrn 

of  altera-  tamed  248  mchcs  of  oxygcn  gas.  The  glafs  vi'as  placed 
unlieiTOes  ovcr  mcrcurv,  and  the  animal  left  it  in  an  hour  and  a 
from  refpi-  quarter. 

raiioii.  * 

To  render  the  comparifon  more  eafy,  he  fuppofes 
the  quantity  of  oxygen  gas  to  have  been  a  cubic  foot,  or 
1728  cubic  inches,  and  calculates  the  refults.  When  the 
animal  was  w^ithdrawn  from  the  glafs,  the  number  of 
inches  was  reduced  to  1672 ',  which  makes  a  diminution 
of  55  4  inches :  there  were  found  at  the  fame  time  229 j 
inches  of  carbonic  acid  gas,  as  appeared  by  the  introduc- 
tion of  caudic  alcalij  the  reft  was  pure  vital  air. 
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Bv  converting  thefe  volumes  into  weight,  the  quanti- 
ties of  air  under  the  glafs  will  amount  to 

oz.     drac.     grs. 

Vital  air 1.2.     1| 

Carbonic  acid  gas 0.2.15  ' 

Total 1   .  4  .   161 

Hence  the  air  in  this  experiment,  although  diminifhed 
by  about  /-^d  of  it's  volume,  was  increafed  in  abfolutt 
weight  5  from  which,  according  to  this  philofopher,  it 
refults, 

111:.  That  air  extracts  fomething  from  the  lungs  during 
refpiration. 

2d.  That  the  fubftance  extrafted,  combining  with  vital 
air,  forms  carbonic  acid  gas  ;  and  fince  it  is  known  that 
there  is  no  other  fubftance  but  carbon  pofleffing  this 
property,  it  follows,  that  by  the  procefs  of  refpiration  a 
real  carbonaceous  matter  is  extracted.  But  this  increafe 
of  weight,  which  appears  to  be  only  21.87  grs.,  is  really 
much  more  confiderable  than  at  firft  appears  credible ; 
for  in  the  above  experiment  only  229l  inches  of  carbonic 
acid  gas  were  formed.  Now,  after  fome  very  exa6t  ex- 
periments, it  has  been  found  by  Lavoifier  that  100  parts 
of  carbonic  acid  gas  in  weight  are  compofed  of  72  of  vital 
air,  and  28  of  carbon:  hence  the  229.5  inches  of  car- 
bonic acid  gas  obtained,  contain 

grs. 

Of  vital  air 11.484 

Of  carbon 4.466 

The  1 1.484  ffrs.  of  vital  air  amount  in  cubic  inches  to 

2291 :  if,  therefore,  there  was  only  fufficient  vital  airufed 

to  form  the  carbonic  acid  gas,  the  remaining  quantity 

ought  to  be  1728 — 229|. 

14981- 

There  was  found  only 1443| 

Confequently  a  deficit  of ..»,,,,,, ,      54 1 
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TTcnce,  according  to  Lavoifier,  Independently  of  the 
vital  air  converted  into  carbonic  acid  gas,  a  portion  of 
that  which  entered  into  the  lungs  did  not  return  in  an 
elaftic  ftate;  and  therefore  one  of  two  things  muft  have 
happened  during  rcfpiration  :  a  portion  of  the  vital  air 
either  united  with  llie  blood,  or  combined  with  a  portion 
of  hydrogen  gas  to  form  water.  Suppofing  the  laft,  it  is 
cafy  after  the  above  experiment,  fiys  this  chemift,  to  de- 
termine the  quantity  of  water  formed  by  rcfpiration,  and 
the  quantity  of  hydrogen  gas  extrafled  from  the  lungs. 
For  fincc,  to  form  100  parts  of  water,  85  parts  of  vital 
air  in  weight  and  13  of  hydrogen  gas  arc  employed,  it 
follows,  that  with  the  34  inches  of  vital  air  found  want- 
ing, 32.23  of  w^ater  ought  to  be  formed  ;  and  that  there 
were  4^  grains  of  hvdropcn  a:as  difeng;aQ;ed  from  the  lunjis 
of  the  above-mentioned   animal.     From  this  and  other 

}\u  conch'.,  experiments  he  was  led  to  conclude  that  rcfpiration  only 
aols  on  the  portion  of  oxygen  gas  contained  in  the  atmo- 
fphere;  that  one  portion  is  converted  irlto  carbonic  acid 
ga?,  whilft  the  other  is  employed  to  form  water.  • 

Compofi.         According  to  Lavoifier,  the  atmofpherc  is  compofed  of 

I'tnlJi'herc  ^''^  ofpurc  air  and  0  73  of  azot ;  but  it  had  long  been 
fufpedlcd  by  de  la  IVIetherie  that  fixed  air  likewife  made 
a  part  of  it,  and  Humboldt  has  fince  proved  he  was  right 
in  his  conje(Slure.  lie  found  that  in  it's  ordinary  quantity 
it  amounts  to  0.014,  that  it's  maximum  is  0.018,  and  it's 
minimum  0  005  ;  and  this  quantity  is  fo  ftrongty  allied  to 
the  azot  and  oy  vgen'  as  not  to  be  feparated  by  the  greated 
portion  of  water  the  atmofpherc  contains.  According  lo 
this  chemift,  it  appears  likewife,  that  it  is  not  the  quan- 
tity alone  of  oxvcen  contained  in  the  atmofpherc  that 
renders  it  proper  for  rcfpiration,  as  in  mines  he  found  air 
w  hieh  exlinguilhcd  light  and  killed  animals,  that  contain- 
ed even  0.27  of  oxygen. 

■Jjtnce  he  affirms  it   is  not   the  default  of  oxygen  that 
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renders  noxious  atmofphercs  or  mofcts  To  mortal,  but  the  ■ 
manner  in  which  this  oxygen  is  combined.  The  atmo- 
fphere  therefore  is  not  a  finiple  mixture  ofO.'^T  ofoxvgcn, 
0.72  of  azot,  and  0.01  of  carbonic  acid,  but  there  is  a 
real  combination  of  all  thefe  principles  united  to  the 
aqueous  portion :  he  found  that  the  oxygen  the  atnsofphcre 
contains  varied  from  0.23  to  0.2p. 

It  appears  there  was  no  experiment  of  importance  to  Exp?.'- 
determine  the  quantity  of  air  the  lungs  contain,  until  that  ^j,^^^'4'^,g 
made  by  Borelli  in  the  middle  of  the  lall  century.  Ilav- -'''e  t^|=""'y 

'  of  air  tl  e 

ing  breathed  through  a  glafi?  tube  of  which  the  volume  lungs  con- 
was  afcertained,  and  of  which  one  end  was  immerfed  lu 
feme  bubbles  of  foap,  he  found  the  quantity  of  air  re- 
ceived into  the  lungs  in  oue  infpiration  to  be  about  !5 
cubic  inches;  and  towards  the  end  of  the  expernment  to 
be  between  IS  and  20  cubic  inches.  This  experiment 
however  is  liable  to  objection  ;  for  it  is,  accordino*  to 
Menzies,  not  onlv  inaceuraie,  from  the  fvit^tion  and  other 
caufes,  but  it  is  only  the  meafure  of  one  inlpiration. 

The  next  author  is  the  celebrated  Jurin.  He  fufpended  jurin. 
a  weight  to  the  lower  part  of  a  bladder,  previoufly  moift- 
ened;  and  having  fixed  a  tube  of  about  an  inch  diameter 
in  the  upper  part,  he  flopped  his  noftrils  and  infpired  the 
air  of  the  bladder  gently,  during  three  -minutes,  the 
weight  remaining  all  the  while  on  the  table.  He  then 
plunged  the  bladder,  with  the  air  enclofed  in  it,  and  the 
weight  fufpended  to  it,  into  water  contained  in  a  cvlin- 
dricaj-vcird  :  he  then  marked  the  height  to  which  the 
water  rofe.  Having  now  fqueezed  the  air  out  of  the 
bladder,  he  again  plunged  it  into  the  water  with  the 
weight.  The  difference  of  the  height  to  which  the  \vater 
rofe  ill  both  thefe  cafes  was  eafily  calculated.  Having 
repeated  the  experiment  ten  times,  and  added  the  quan- 
tities together,  the  tenth  part  of  the  fum  total,  or  the  pro- 
portional difference  of  the  height  to  v^'hich  the  water  rofe 

E  3 


54  LIFE. 

in  both  cafes,  was  found  equal  to  35  cubic  inches,  which 
is  the  volume  of  air  contained  in  the  bladder  ;  and  having 
added  about  the  twelfth  part,  or  three  inches,  on  account 
of  the  condenfation  of  the  air  from  the  coldncfs  of  the 
water,  as  it  was  winter,  it  amounted  to  38  cubic  inches.  Ha 
added  a  liltle,  both  on  account  of  the  preHure  of  the  water 
on  the  bladder,  and  of  the  moidure  whi(  h  is  expelled- 
with  the  air,  and  foon  condenfed  by  the  coldnefs  of  the 
water  and  of  the  bladder.  He  then  calculated  the  quan- 
tity of  air,  expelled  by  a  moderate  expiration  in  the  fpace 
of  three  minutes,  at  40  cubic  inches.  In  the  ftrongeft 
expiration  he  expelled  125  cubic  inches  in  the  fpace  of 
a  minute  J  but  in  a  ftrong  expiration,  continued  nearly 
imtil  fuffbcation,  he  expelled  220  cubic  inches  from  the 
lungs.  Hence  it  follows  that  there  is  more  air  in  the  lungs 
than  can  be  expelled  by  an  ordinary  expiration. 

This  experiment  proves  that  the  quantity  of  air  ufually 

Hales,  &c.  expired  is  equal  to  40  cubic  inches.  The  accurate  Hales, 
Haller,  and  Sauvages,  who  have  repeated  thefe  experi- 
ments, have  agreed  that  the  refult  was  the  fame.  But 
according  to  Menzies,  as  it  is  only  the  meafure  of  one 
infpiration,  it  lies  open  to  the  fame  objeftion  as  the 
former. 

Dr.  Good-  This  was  alfo  attempted  by  Dr.  Goodwin.  He  endea- 
voured to  breathe  from  a  veffel  full  of  air,  joined  by 
means  of  a  tube  to  another  full  of  water,  fo  that  a  certain 
volume  of  water,  equal  to  that  of  the  air  infplred,  might 
get  into  the  place  of  the  latter  after  each  refpiration  ;  for 
the  volume  of  water,  fubftituted  to  that  of  the  air  infpired, 
mud  be  equal  to  that  of  the  air  confumed  in  infpiring. 

Having  contrived  an  apparatus  for  this  purpofe,  an 
adult  of  a  middle  fizc,  and  in  good  health,  endeavoured 
to  refpire  as  naturally  as  poffible  from  this  pneumatic 
vclTel,  and  the 

Firit  time,  he  infpircd  3   cubic  inches  j 
Second  time, 2 1 


win 
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Another  perfon  of  the  fame  Itature  endeavoured  to 
breathe  out  of  the  velfel. 

At  the  firfl;  infpiration,  he  breathed  3|  cubic  inches; 
At  the  fecond, 2^. 

But  as  the  difterence  of  the  refult  of  both  thefe  experi- 
ments might  be  fuppofed  to  proceed  from  the  different 
degree  of  attention,  he  varied  the  experiment  in  this  man- 
ner. The  fame  man  infpired  and  expired  thirty  times 
out  of  the  fame  vefTel,  and  as  nearly  as  poffible  with  the 
fame  degree  of  exertion  ;  and  on  calculation  the  average 
quantity  of  air  of  each  refpiration  was  found  to  be  21  cu- 
bic inches. 

Having  repeated  the  fame  experiment  with  thegreateft 
care,  the  average  quantity  of  each  refpiration  was  found  to 
be  3  cubic  inches. 

Another  man  of  the  fame  ftature  breathed  30  times 
from  the  fame  vefTel,  and  in  the  fame  manner,  and  the 
averape  was  3 1  cubic  inches.  Hence  it  follows  that  the 
greateft  quantity  of  air  received  into  the  lungs  during  each 
natural  refpiration  does  not  exceed  3^  cubic  inches  j 
which  is  much  lefs  than  what  Hales  and  Jurin  had  cal- 
culated. 

In  the  laft  dilTertation  of  Dr.  Goodwin,  it  appears  that 
a  dull  kind  of  pain  was  felt  in  the  chcft  before  the  man 
had  finifhed  the  number  of  infpirations,  Having  re- 
moved the  tube  from  his  mouth,  it  was  neceflary  to  make 
a  deep  infpiration ;  which  appears  to  Menzies  to  prove, 
that  the  quantity  of  air  received  into  the  lungs  was  not 
fiifficient  for  the  purpofes  of  refpiration.  This  defeft 
however  is  attributed  by  the  author  to  the  imitation  of 
natural  refpiration,  which  could  not  counterbalance  the  « 

difficulty  of  raifing  water  contrary  to  it's  natural  gravity. 
As  an  attempt  to  breathe  in  the  open  air  would  net 
give  the  meafure  of  an  ordinary  infpiration  from  the  ma- 
chine, it  was  neceflary  to  aflift  the  a6lion  of  the  lungs, 
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by  which  the  quantity  received  was  much  incrcareil ;  as  is 
evident  from  the  ft)liowing  experiment,  in  which  three 
pcrfons  of  ordinary  flature  infpired  from  the  machine 
30  times  fucccffivel)-,  and  took  in  as  much  air  at  r^ach 
time  as  the  fenfations  in  the  breaft  fccmed  to  require.  The 
average  quantity  of  air  taken  into  the  lungs  at  a  fuigle  in- 
fpiration 

By  the  firft,  was  12  cubic  inches. 

fccond,  .  .  14 

third,  ..11 
Thus  Dr.  Goodwin  concludes  the  quantity  of  air  in- 
fpired to  be  equal  to  12  cubic  inches,  which  ate  dilated 
by  heat  to  14;  and  as  the  quantity  of  air  remainin2:  in 
the  lungs,  after  an  ordinary  expiration,  is  near  109  cubic 
inches,  he  concludes,  the  proportion  of  the  dilatation  of 
the  lungs,  before  and  after  a  healthy  infpiration,  to  be  as 
109  to  123. 
Me.izies.  Dr.  Mcnzies,  who  is  the  lafi;  that  has  made  any  experir 
mcntsofthis  nature,  although  he  is  of  opinion  that  Dr. 
Goodwin  has  come  very  near  the  point,  yet  in  the  dif- 
ferent experiments  on  the  fpbjccl  he  found  no  confidence 
could  be  placed  in  the  method  he  employed,  on  account 
of  the  inaccuracies  it  was  liable  to;  and  he  freely  con- 
feffes  it  was  by  chance  he  firft  difcovcrcd  them.  The 
method  w|iich  Dr.  Menzies  ufed  feems  tabefimilapto 
that  indicated  by  Boerhaavc. 

It  confifts  in  being  placed  up  to  the  neck  in  water,  and 
judging  of  the  dilation  of  the  lungs  from  the  afcent  and 
defcent  of  the  water.  Dr.  Mcnzies  therefore  procured  a 
hogfliead,  the  top  of  which  had  an  opening  fufficiently  , 
large  for  the  head  to  pafs  out  ;  and  a  cylinder  was  fitted 
about  his  neck  up  to  the  chin,  by  which  the  rifing  and 
falling  of  the  water  during  refpiration  might  be  calcu- 
lated. 
inExpcr^       A  healthy  man,  five  feet  eight  inches  high,  wasflu.it 
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up  in  this  hogfhead,  which  was  filled  with  water  heated 
to  90°  of  Fahrenheit,  as-far  as  that  part  of  the  neck  that 
was  beft  fuited  to  meafure  the  difTerencc  of  afccnt  and 
defccnt.  This  difference  was  about  1,23  inches.  His 
pulfe  before  and  after  immerfion  beat  {34  or  63,  and  his 
refplrations  were  14  or  144  in  a  minute,  and  they  con- 
tinued the  fame  ad  the  time  he  remained,  which  was 
two  hours  and  upwards^  during  which  the  afcent  and  de- 
fcent  of  the  water  were  l-V^  Inch  at  leaft :  but  when  he 
made  a  deep  Infplration,  fo  much  air  ruflied  into  the 
lungs  that  the  water  paffed  out  through  the  cylinder  ;  but 
as  the  area  of  the  cylinder  was  55,41  fquare  inches, 
and  the  area  of  the  neck  18;  55. 4i — 18X  1.25=40.76 
cubic  Inches,  the  quantity  of  air  ufually  refpired  by  this 
man.  This  was  thrice  repeated  with  the  fame  rcfult ; . 
but  to  prevent  miftake  he  was  made  to  breathe  through 
an  allantoic!. 

This  allantoid  contained  2/00  cubic  Inches,  which  in 
many  trials  he  filled  with  :^8  expirations,  giving  46.55 
cubic  inches  as  the  quantity  of  air  expired  ;  and  this  cal- 
culation is  very  near  the  preceding  one.  But  as  the  re- 
fplrations of  this  man  appeared  to  be  never  more  than 
14  and  144^  in  a  minute,  it  was  probable  he  Infpired  more 
air  than  oiher  men  of  the  fame  flature.  To  afcertain 
this,  and  to  be  able  to  eftimate  the  average  quantity  of  air 
infpired,  it  was  neceffary  to  examine  the  relpiration  of  a 
man  of  fmall  ftature. 

Another  man,  therefore,  only  five  feet  and  an  inch '^<^  Expert 
high,  was  fliut  in  the  fame  hogfliead  ;  the  pulfe  beat  72, 
and  the  number  of  refplrations  was  18  in  a  minute.  The 
water  was  heated  between  the  85th  and  the  QOih  of  Fah^ 
renheit.  The  difference  betweei}  the  afcent  and  defcent 
during  the  long  time  he  remained  was  0.95  of  an  inch,  or 
in  vulgar  fra6lions  ^J^  of  an  inch.  The  area  of  the  cy- 
linder was   equal  to   57.012  inches,  and  the  area  of  the 
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neck  to  14.0S37  inches.  Hence  57.012 — 14.0837  X0.95 
=40.781  cubic  inches,  is  the  quantity  of  air  taken  into 
the  lungs  by  a  common  refpiration.  This  was  confirmed 
by  his  breathing  into  the  allantoic!,  which  gave  from  38  to 
40  cubic  inchc?,  the  mcafurc  of  a  common  infpiration. 
So  that,  if  half  the  quantities  of  the  two  experiments  be 
taken,  there  will  be  43.77  cubic  inches,  theaverage  quan- 
tity of  air  refpired.  The  afccnt  and  defcent  of  the  water 
were  carefully  marked  by  means  of  a  glafs  tube  inferted 
into  the  top  of  the  hogfliead,  on  which  a  fcale  of  degrees 
was  cut ;  and  on  account  of  the  attraction  between  the 
water  and  the  fides  of  the  tube  -j'^  was  fubtra6led  ;  and  if 
on  account  of  the  dilatation  of  the  air  by  the  heat  of  the 
lungs  ^tyVs  ^or  every  degree  of  heat  be  fubtrafted,  the 
quantity  of  air  infpired  may  fi:ill  be  computed  at  40  cubic 
inches. 

Dr.  Goodwin  fuppofes  that  only  109  cubic  inches  re- 
main in  the  lungs  after  an  ordinary  expiration,  and  that 
the  proportion  of  their  dilation  after  an  ordinary  expira- 
tion is  to  that  of  their  dilatation  after  an  ordinary  infpira- 
tion as  109  to  123  5  but  Dr.  Menzies  has  remarked,  that 
after  an  ordinary  expiration  a  man  could  ftill  expel 
70  cubic  inches  of  air  from  the  lungs.  Hence  after  fuch 
an  expiration  only  39  cubic  inches  of  air  will  remain. 
"  Without  doubt  then,"  fays  Dr.  Menzies,  '*  as  appears 
**  from  another  experiment  (Goodwin's  Connexion  of 
"  Life  with  Infpiration,  p.  46),  Dr.  Goodwin  fuppofes 
*'  that  109  cubic  inches  of  air  remain  in  the  lungs  after 
"  an  extraordinary  expiration;  but  as  we  have  found 
*'  70  cubic  inches  to  be  the  difference  between  an  ordi- 
*'  nary  and  an  extraordinary  expiration,  this  number 
*'  added  to  the  former,  or  to  109,  will  give  179,  as  th« 
'^  quantity  of  air  remaining  in  the  lungs  after  an  ordi- 
'^  nary  expiration.  Now  the  former  experiments 
"  (how,  that  the  quantity  of  air  expelled  by  an  ordinary 
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''expiration  is  equal  to  40  cubic  Inches :  confeqnenlly, 
*'  if  this  be  added  to  179,  we  ihall  have  219  cubic  inches 
*'  as  the  quantity  of  air  contained  in  the  kings  before 
**  expiration  :  hence  the  dilatation  of  the  lungs  before  and 
*'  after  an  ordinary  expiration  will  be  as  219  to  I  79  :  or,  ' 
''  in  other  words,  the  thorax  will  be  increafed  by  a 
*'  quantity  of  air  nearly  equal  to  a  cube  of  3|  inches; 
''  which,  if  we  confider  how  much  the  thorax  and  abdo- 
"  men  are  dilated  by  an  extraordinary  infpiration,  feems 
<«  very  trifling.  The  difference  between  an  extraordinary^ 
*'  expiration,  or  one  made  with  fome  effort,  and  an  extra- 
*'  ordinary  inrpiratlon,  I  have  found  to  exceed  200  cubic 
"  inches." 

As  the  atmofpheric  air  undergoes  a  change  by  refpira-  Dr.  Good- 
tion  in  the  proDortion  of  it's  conftituent  parts,  the  de-  ^'".  ^  ^^' 
phlo2;ifticated  airbein2;dimini{hed,  the  fixed  air  increafed,  toafccitain 

.  ""  ,       .     .        ^  ,  .  .the  degrees 

whilft  the  phlogilhcated  remauis  the  fame;  Dr.  Goodwm  of  change 
was  defirous  of  afcertaining  the  particular  decree  of  thefe  the  aimo-" 
changes:  he  therefore  began  by  finding  the  proportion  *^""*""'""- 

.       .  .     .  ...        tlergo  in  re- 

of  the  airs  in  12  cubic  inches  of  atmofpheric  air;  which  ipirauon. 
being  done,  he  Infpired  an  equal  volume  of  the  fame  air, 
and  then  expired  it  into  a  glafs  receiver,  and  analyfed  the 
whole   quantity.      This   having    been    repeated   feveral 
times,  the  medium  was  as  follows  : 

Parts.  Partsu 


The  volume  of  air  taken  into 
the  lungs  at  a  fingle  infpi- 
ration contained  of  phlogif- 
ticated  air  -  -         -     go 

Dephlogifticated  air        -         -     18 
Fixed  air        -  -  -       2 

100 


The  volume  of  air  expelled  from 
the  lungs  by  the  next  fuc- 
ceeding  expiration  contained 
of  phlogifticated  air      -       -     80 
Dephlogifticated  air       -  -       5 

Fixed  air       -         -        -         -     13 

98 


i 

He  found  this  diminution  of  the  dephlogifticated  air  was 
fometimes  j%ih  or  Voth  part. 
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He  then  attempted  to  find  if  this  diminution  of  the  one 
and  increafc  of  the  otlrer  be  conltant  and  uniform  in  the 
fame  volume  of  air  fevcral  times  rcfpired  ;  for  which  pur- 
pofe,  he  firll  examined  the  diminution  of  the  dephlogif- 
ticated  air,  l)y  breathing  a  quantity  of  air  feveral  times 
from  a  glafs  receiver  inverted  in  water  j  and  by  mixing 
a  fmall  quantity  of  this  fame  air,  after  every  expiration, 
V  with  an  equal  quantity  of  nitrous  air  in  Fontana's  eudio- 

meter, in  which  the  quantity  of  dephlogifticatcd  air  would 
be  indicated  by  the  diminution  of  volume  in  the  eudio- 
meter:  he  therefore  palled  12  cubic  inches  of  atmofphc- 
ric  air  into  a  glafs  receiver  inverted  in  water,  and  put  a 
meafure  of  it  into  this  inftrument,  where  it  occupied 
100  part;:  he  then  added  an  equal  meafure  of  nitrous 
air,  and  the  whole  volume  of  200  parts  was  diminiflied 

to 114 

Then  he  infpired  the  whole  of  the  volume  from  the 
receiver,  and  expired  it  in  the  ufual  time ;  and  on  try- 
ing an  equal  portion  of  it  in  the  inflrument,  the  200 
parts  were  diminifhed  to  -  -  158 

After  the  fecond  expiration,  to  _        .      -  1C3 

After  the  third,  to  -  -  -  167 

After  the  fourth,  to  -  -  -  170 

After  the  fifth,  to  -  -  -  17 1 

2dly.  To  determine  whether  the  addition  or  increafe  of 
the  fixed  air  be  uniform  and  confiant  in  feveral  fucceffive 
refpirations,  he  enclofcd  12  cubic  inches  of  air  in  an  in- 
verted receiver,  and  breathed  it  through  a  glafs  tube  fix 
times  in  fucceflion  ;  when,  on  being  examined  with  lime 
water  after  the  laft  expiration,  it  contained  13  parts  of 
fixed  air :  on  repeating  the  experiment,  the  quantity  of 
fixed  air  was  13  parts:  hence  the  diminution  of  the  de- 
phlogifticated  and  the  increafe  of  the  fixed  air  is  confiant 
and  fucceffive  in  the  fame  quantity  of  air  frequently 
breathed;  but  the  changes  in  the  fucceffive  refpiratiouj 
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bear  no  proportion  to  the  changes  in  the  firft.  Dr. 
Goodwin,  finding  therefore  theie  changes  fo  conftant  and 
uniform,  fufpe6led  they  mud  be  conne6led  with  fome 
correfponding  changes  in  the  lungs,  equally  conftant  and 
uniform,  which  he  found  to  be  in  the  blood. 

Count  Morozzo,  in  order  to  prove  the  length  of  time 
different  animals  were  able  to  live  in  different  airs,  fo  as 
to  be  able  to  form  a  comparifon,  made  the  following  ex- 
periments : 

The  oxygen  gas  he  ufed  was  extra61:ed  from  red  pre-  Expen- 

.    .        ,  .  .  :  ments  of 

cipitate  and  nitre,  which  he  found  to  be  of  equal  purity  :  Moiozzo, 
the  animals  were  fparrows  and  rabbits,  of  an  adult  ftate,  animals  to 
that  he  might  be  able  to  compare  the  refults,  having  ob-  f^'^ei'^"' 

o  I  ^  D  fpecies  of 

ferved  that  animals  lived  a  longer  or  a  fliorter  fpace  of  air. 
time  in  a  vitiated  air  according  to  their  agej  which  dif- 
ference ceafes  on  their  arrival  at  maturity.  He  ufed  the 
method  employed  by  Dr.  Cigna  of  expofing  a  fucceffion 
of  animals  to  the  fame  gas,  and  found  the  refufts  to  be 
perfectly  fimilar :  he  found  that. 


Hours. 

Miru 

In  atmofphcric   air, 

the 

1ft  fparrow  lived   about     - 

3 

— 

2d 

. 

— 

3 

Sd 

fcarcely 

— 

1 

Ih  dephlogiflicated  air,  the  1ft  fpai 

TOW  lived 

-       5 

23 

/ 

2d 

. 

2 

10 

.3d 

-    -      - 

1 

30 

4th 

.          -           - 

] 

10 

5th 

- 

— . 

30 

€th 

-        -         - 

— 

47 

7th 

- 

— 

27 

8th 

-               -               L-                - 

— 

30 

9th 

- 

— 

22 

10th 

-               -               -                . 

__ 

21 

On  repeating  his  experiments  in  veffels  of  equal  fize, 
he  found  that  animals  lived  four  and  even  five  times 
longer  in  dephlogifticated  than  in  common  air ;  that  after 
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the  death  bf  the  ammal.a  lighted  candle  was  immediately 
extinffuifhcd  in  the  atmofpherical  air,  hut  prelerved  it's 
brilliuicy  and  vivacity  in  the  dephlogifticated  air,  as  if  it 
had  undergone  no  change  j  which  is  contrary  to  what 
Dr.  Cigna  obferved,  thai  common  air  when  vitiated  by 
refpiration  extinguiflies  flame  a  long  time  before  animal 
life.  He  remarks  with  Dr.  Piicftlcy,  that  animals  appear 
to  be  more  gay  and  a6livc  in  oxygen  gas  than  in  atmo- 
fpherical air;  and  that,  when  their  refpiration  appears 
troubled,  they  do  not  gafp  for  breath  fo  much,  nor  i» 
their  deathaccompanied  by  fuch  violent  convulfions  as  in 
atmofpheric  air;  and  that  the  duration  of  their  life  in 
oxygen  gas  did  not  decreafe  in  any  marked  proportion 
from  the  introdu6lion  of  the  fifth. 

Having  obferved  that  oxygen  gas,  in  which  different 
animals  have  fucceffively  died,  is  ftill  in  a  fiate  of  fup- 
porting  animal  life  a  confiderable  time,  and  flame  with 
great  vivacity,  he  was  defirous  of  anfwering  the  follow- 
ing queflions : 

1.  To  find  the  duration  of  animal  life  in  dephlogifti- 
cated  air,  in  which  a  candle  had  been  extinguifhed  j  and 
he  found  animals  lived  in  it  nearly  as  long  as  in  pure 
oxygen  gas. 

2.  To  difcovcr  whether  a  lighted  candle  would  burn  in 
the  oxygen  gas  in  which  flame  had  been  extinguiflied, 
and  he  found  it  would  not.  In  equal  capacities,  flame 
exifled  five  minutes  in  oxygen  gas,  and  only  forty  feconds 
in  atmofpheric  air. 

In  order  to  difcover  the  leafl  variations,  Morozzo  ufed 
vefTels  of  a  larger  capacity,  containing  forty  pounds 
of  water,  and  larger  animals,  fuch  as  rabbits  j  and  he 

found  thaf, 

H.M.  Inih.Lin. 

In  atmofpheric  air,  the  1  ft  lived  4  33,  and  the  abforption  0  9 
2d  -  0  13,  ....  04 
i?d      -      0     6        -       -       -       -         0 
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H.  IvT.  Inch.  Lin. 

in  oxygen  gas        -         1ft       -10     3,  -  -  -         20 

2d       -         3  57,  -  -  -         13 

3d      -         4  30,  -  -  -         2     2 

He  remarked  with  Dr.  Prieflley,  that  quadrupeds  live 
longer  than  birds  in  vitiated  air,  from  being  accuflomed 
to  breathe  nearer  the  ground,  where  the  air  is  not  fo  pure 
as  in  the  higher  regions ;  and  he  lays  it  down  as  a  rule, 
that  animals  in  oxygen  gas  confume  a  quantity  in  pro- 
portion to  common  air  as  5  to  1 ;  which  is  the  fame  pro- 
portion as  that  of  the  greateft  durability  of  their  lives. 

From  expofure  of  animals  in  different  airs,  he  found, 

1 .  That  the  duration  of  animal  life  was  in  proportion  Conclu- 
to  the  greater  quantity  of  oxygen  gas  the  airs  contained. 

2.  That  in  all  where  there  was  an  equal  part  of  oxy- 
gen gas,  they  lived  confiderably  longer  than  in  common 
air,  except  in  the  air  vitiated  by  the  vapour  of  charcoal, 
in  which  a  fparrow  lived  only  24  minutes,  and  in  fixed 
air  38  minutes. 

3.  That  in  all  thofe  of  which  one-third  was  oxygen 
gas,  animal  life  was  nearly  equal  to  what  it  was  in  com- 
mon air,  except  in  the  two  laft  cafes. 

4.  Gafes  and  infe6tious  airs  appear  to  be  fatal  in  the 
order  following : 

Inflammable  gas  of  marflies     _     _     -      ^ 

Air  vitiated  by  vapour  of  fulphur    -     -      (  >    i      * 

by  burning  charcoal 

by  a  mixture  of  iron  filings 

and  moiftened  fulphur      -.    -     -     -      . 

Inflammablegas  from  iron  and  vitriolic  acid  /"^^^'y^^^^^- 

Fixed  air     ---_-.-_-      I 

Air  vitiated  by  animal  refpiration     .     .     J 

Dr.  Prieftley  has  likewife  made  fome  experiments  on  experl!^^ 

animals  in  noxious  airs ;  from  which  he  found  that  animal?,  "i^"^^  on 

,     .  .  ....  .        ,  animals  in 

•n  beij)g  put  into  air  in  which  other  animals  have  died,  mxiiinsiks. 


5  f 


04  LIFE. 

a!moft  always  die  In  cnnvulfions  :  they  are  sometimes  af- 
fe<5led  fo  fiultlcnly  as  to  Ijc  irrecoverable  after  a  fingle'in- 
fplration,  although  withdrawn  immediately,  and  every 
care  taken  to  recover  them.  Thev  are  affected  in  the 
fame  way  in  every  other  noxious  air;  fuch  as  fixed  air, 
inflammable  air,  air  filled  with  fumes  of  fulphur,  in- 
fec^l:cd  with  putrid  matter,  in  which  a  mixture  of  iron 
filings  and  fulphur  has  flood,  or  in  which  charcoal  has 
been  burned,  or  metals  calcined,  or  in  nitrous  air.  Ac- 
cording to  Dr.  PrielUey,  animals  become  habituated  by 
degrees  to  the  noxious  air;  for  he  frequently  found,  that 
when  a  number  of  mice  had  been  confined  in  a  given 
quantity  of  air,  a  frefh  moufe  being  introduced  to  them 
has  been  inftantly  thrown  into  convulfions,  and  died.  It 
is  evident,  therefore,  that  if  the  experiment  of  the  black 
hole  at  Calcutta  were  to  be  repeated,  a  man  would  ftand 
the  better  chance  of  furviving  it  who  {liou|d  enter  at  the 
firfl  than  at  the  laft  hour.  Dr.  Prieftley  has^^alfo  obfervcd, 
that  young  mice  will  live  much  longer  than  old  ones,  or 
than  thofe  which  are  full  grown,  when  they  are  confined 
in  the  fame  quantity  of  air.  He  has  known  a  young 
moufe  to  live  fix  hours  in  the  fame  circumftances  in 
which  an  old  moufe  has  not  lived  one  :  hence  the  uncer- 
tainty in  making  experiments  of  this  kind,  where  a  fre- 
quent repetition  is  neceflfary  to  depend  upon  them. 

Having^  sriven  fome  account  of  the  ancient  and  modern 
opinions  of  refpiration  in  general,  of  the  experiments  that 
have  been  made  on  the  effe£ls  of  refpiration  upon  air,  of 
the  changes  it  fuflfers  from  this  procefs,  of  the  formation 
of  new  fubftances  found  in  expired  air,  of  their  propor- 
tions, of  the  opinions  of  fcveral  chemical  phyfiologifts 
upon  the  quantity  of  air  the  lungs  contain,  and  of  the  ex- 
periments made  upon  animals  in  different  fpecies  of  airs, 
the  next  part  of  the  fubje6l  relates  to  the  colour  the  blood 
receives  during  the  refpiratory  procefs,  beginning  with 
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fbme  account  of  the  oj?inions  of  different  phllofophers 
upon  this  fubjeft. 

Colour  of  the  Blood. — The  ancients  muft  undoubtedly 
have  obferved,  that  the  furface  of  blood,  after  having  been 
drawn  from  the  body  and  left  to  repofe,  changed  from  a 
dark  to  a  florid  red  colour,  and  that  underneath  it  re- 
mained black  ;  but  they  could  have  had  lio  juft  idea  of  the 
caufe  of  this  change.  It  appears,  that,  among  the  mo- 
derns, Mayow  was  thefirft  whofe  conjectures  were  confor-  Mayow, 
mable  to  the  latefl  experiments.  He  fays,  that  the  fluid 
red  colour  of  the  blood  is  produced  by  the  introduction 
of  the  nitroaerial  fpirit  from  the  atmofphere;  for  where 
the  blood  is  not  expofed  to  this,  it  is  black.  As,  how- 
ever, this  celebrated  author's  publication  was  fcarcely 
known  to  exift  previous  to  it's  being  introduced  to'public 
notice  by  Dr.  Beddoes,  nobody,  unlefs  we  accept  Lower,  at- 
tempted to  account  for  this  difference,  or  the  caufe  of  the 
colour.  Even  fo  late  as  the  time  of  Haller  all  was  con-  pjaiier, 
jeClure  :  this  celebrated  phyfiologift,  on  comparing  the 
blood  of  an  adult  with  that  of  the  foetus,  which  is  defli- 
tute  of  the  florid  rednefs,  only  informs  us  that  it  was  ac- 
quired in  the  lungs.  The  common  opinion  was,  that  the  • 
change  of  blood,  on  ftanding,  arofe  from  it's  containing 
two  kinds  of  particles,  red  arid  black  ;  and  that  the  black, 
from  their  greater  fpecific  gravity,  fell  to  the  bottom, 
whilft  the  red  particles  remained  at  the  furface. 

Cigna  of  Turin,  at  length,  having  paid  great  atten-  cigna.' 
tion  to  this  fubjeft,  publiflied  a  memoir  in  the  firft  volume 
of  the  Mifcellanea  Taurinenfta,  in  which  he  very  well  ac- 
counts for  this  red  colour  of  the  blood,  clearly  proving  it 
to  be  caufed  by  the  contact  of  air.  He  found,  that,  on 
covering  the  blood  with  a  little  oil  fo  as  to  defend  it 
from  the  atmofphere,  it  remained  black  throughout;  but 
when  he  took  away  the  red  part,  and  expofed  the  lower 
lamina  to  the  air,  which  were  black,  they  alfo  became 
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fucceffivcly  rctl,  till  the  whole  niafs  had  acquired  this  co- 
lour. At  the  rcqucrt  of  Cigna,  father  Beccaria  was  in- 
duced to  try  the  cflccl  of  expofing  blood  in  the  vacuum 
caufed  by  an  air-|-)uni|i,  and  he  found  that  it  always  re- 
mained black,  but  became  red  on  expollng  it  again  to  the 
atmofphere.  Cigna  concludes  by  obferving,  that  it  is 
not  eafy  to  account  for  the  lower  part  of  a  mafs  of  blood 
becoming  black,  whether  it  arifes  h-om  the  air  it  has  im- 
bibed efcaping  from  it,  or  from  it's  depofiting  fomething 
faline,  necefTary  to  contribute  to  it's  rednefs,  or  from  the 
prefTure  of  the  atmofphere;  but  he  feems  to  think,  that  air 
mixed  with  blood,  and  interpofed  between  the  globules, 
prcfcrves  it's  rednefs ;  but  that  bv  concreting  it  is  expelled 
from  it,  or  becomes  fo  Hxed  as  to  be  incapable  of  making 
it  red.  This  opinion,  he  imagines,  is  rendered  in  fome 
meafurc  probable,  by  the  increafcd  denfity  of  concreted 
blood,  and  by  the  emiflipn  of  air  from  other  fluids  hi  a 
cmcrefcentlfate.  In  another,mcmoir,  he  doubts  whether 
the  change  of  colour  in  the  blood  takes  place  in  the  lungs, 
but  if  it  does,  he  is  inclined  to  afcribe  it  to  the  evapcration 
from  the  blood  in  the  lungs;  and  though  he  always  found 
the  colour  of  the  blood  was  changed  bv  the  contact  of  air, 
yet  when  he  coufidered  that  evaporation  muft  neceffarily 
attend  the  contact  of  air,  he  fuppofed  that  this  efiecl  might 
e(jually  be  attributed  to  it.  But  he  acknowledges  con- 
firmation bv  experiments  is  neccflary  to  this  hvpothefis. 
Ht'wfon.  Other  experiments  were  made  bv  Hewfon,     He  found 

that  a  folution  of  nitre  changed  dark-coloured  blood  to 
the  mod  beautiful  red ;  but  is  of  opinion  that  this  cannot 
arife  in  the  lungs,  fince  the  air  contains  no  nitre;  and  he 
found  moil  of  the  neutral  falts  in  fome  meafure  produced 
the  fame. eflert.  He  was  certain,  however,  that,  as  the 
colour  of  the  blood  is  changed  bv  air  out  of  the  body,  the 
air  is  the  inmicdiatc  caufc  of  the  fame  chancre  in  the  bodv  ; 
and  this  change  in  the  venous  and  arterial  blood  is   pro- 
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duced  in  ihe  lungs,  he  affirms,  I'rom  experiments  in  which 
he  diftinftly  h\v  the  blood  of  a  more  florid  red  in  the  left 
auricle  of  the  heart  than  in  the  right  j  but  how  the  effeft 
is  produced  he  thinks  is  undetermined. 

The  caufe  of  this  change  was  determined  by  Dr.  Prieft-  Dr.  PHeft. 
ley ;  but  he  attempts  to  explain  it  according  to  the  phlo-  '^^" 
giftic  fyftem,     He  endeavoured  to  find  whether  blood  was 
of  fuch  a  nature  as  to  retain  the  power  of  phloijifticating 
air  when  congealed,  and  out  of  the  body^  that  it  has  when 
fluid  and  in  the  body ;  and  the  experiment  anfwered  his 
expectation.     Having  taken  the  blood  of  a  flieep,  and  let 
it  ftand  till  it  was   coagulated,    and  the  ferum   feparated 
from  it,  he,  introduced  pieces  of  the  crafl!amentum,  con- 
tained  in   nets  of  open  gauze   or  of   wire,  fometimes 
through  water,  and  fometimes  through  quickfilver,  into 
different  kinds  of  air,  and  always  found  that  the  blackeft 
parts  aflimied   a  florid  red  colour   in   common  air,   and 
more  particularly  in  dephlogifticated  air,  and  in  lefs  time; 
whereas  the^brightefi:  red  blood  became  prefently  black  in 
any  kind  of  air  unfit  for  refpiration,  fuch  as  fixed,  inflam- 
mable, nitrous,  or  phlogifticated  airs;  and   after  becom- 
ing black  in  the  laft  of  thefe  kinds  of  airs,  it  regained  it's 
red  colour  on  beincr  again  expofed  to  common  or  dephlo- 
gifticated airs;  the  fame  pieces  becoming  alternately  black 
and  red  by  being  transferred  from  phlogiflicated  to  de- 
phlogifticated air,  and  vice  verfa. 

In  thefe  experiments.  Dr.  Prieftley  is  of  opinion,  that  * 

the  blood  lofes  it's  black  colour  by  giving  it's  phlogifton, 
which  is  the  caufe  of  it,  to  the  air;  and  that  it  receives  it 
again  on  being  expofed  to  the  other  airs  containing  this 
principle.  He  thinks  that  the  blacknefs  of  the  blood  may 
arife  from  other  caufes  than  it's  acquiring  phlogifton,  as 
in  vacuo ;  and  fuch  he  found  to  be  ,the  cafe  when  it  was 
covered  two  inches  and  a  half  with  ferum,  but  regained  it's 
florid  colour  again  on  expofure  to  the  open  air.  He  expofed 
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pieces  of  the  fame  mafs  lo  nitrous  and  inflammable  as  well 
as  fixed  airs;  they  ail  bccatnc  black,  but  that  in  the  in- 
flanmiablc  the  Icaftfo;  but  none  of  them  recovered  their 
fluid  c(jlour  in  the  open  air  J  one,  however,  in  fixed  air, 
recovered  it  in  dephlogifticated  air.     The  deeper  the  co- 
lour, the  more  the  phlogifton  it  contains,  and  vice  ver/a. 
As  it  might  be  objefted  to  this  hypothefis  of  Dr.  Prieft- 
ley,  that  the  blood  never  comgs  into  a»SluaI  contaft  with 
the  air  in  the  lungs,  but  is  feparated  from  it;  and  that  the 
red  globules  alfo  fwim  in  a  large  quantity  of  ferum,  a  fluid 
of  a  quite  diflerent  nature ;  in  order  to  afcertain  the  effecl 
of  thefe  circumftances,  he  took  a  large  quantity  of  black 
blood,  and  put  it  into  a  bladder  moiftened  with  a  little  fe- 
rum, and,  tying  it  very  clofe,  hung  it  in  a  free  expofure 
to  the  air,  though  in  a  quiefccnt  llatc ;  and  the  next  day 
he  found  that  all  the  lower  lurface  of  the  blood  feparated 
from  the  common  air  by  the  bladder  (which  is  an  animal 
membrane  like  the  vcficlcs  of  the  lungs,  and  at  Icaft  as 
thick),  and  likewife  a  little  ferum,  had  acquired  a  coating 
of  a  florid  red  colour,  and  as  thick  as  if  it  had  been  im- 
mediately expofed  to  the  open  air;  fo  that  the  membrane 
had  been  no  impediment  to  the  a6lion  of  the  air  on  the 
blood.     He  repeated  the  experiment  without  previoufly 
moiftening  the  bladder,  and   with  the  fame  refill t.     lie 
found  that  a  piece  of  the  craffamentum  acquired  the  florid 
colour  even  when  covered  with  ferum  to  the  depth  of  fe- 
vcral  inches ;  but,  that  the  flightefl  coverino;  of  water  or 
fali  va  eflcftu  ally  prevented  it's  acquiring  this  colour,  which 
proves  how  wonderfully  well  the  ferum  is  adapted  as  a  ve- 
hicle lor  the  red  globules.     To  fatisfy  himfelf  completely 
that  it  is  reallv  the  air  acting  through  the  fei^im_,  and  not 
the  ferum  itfclf  that  gives  the  florid  colour,  he  took  two 
equal  portions  of  black  blood,   and  put  them  into  equal 
cups,   containing  ec[ual  quantities  of  ferum,  which  co- 
vered them  to  the  depth  of  half  an  inch.     One  of  thefe 
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cups  he  expofed  to  the  air,  and  the  other  under  an  ex- 
liaufted  receiver,  when  the  former  prefcntiy  acquired  a 
florid  colour,  and  the  other  continued  twelve  hours  as 
'  black  as  the  firll.  It  alfo  remained  black  when  expofed 
to  the  air,  and  the  ferum  taken  oft'.  Hereverfed  this  ex- 
periment, and  found  that  red  blood  became  black  through 
the  depth  of  two  inches  of  ferum,  expofed  to  phlogirti- 
catedair;  a  confirmation  that  the  red  globules  of  the 
blood  receive  and  part  with  phlogifton  by  means  of  the 
air,  notwithftanding  the  interpofition  of  a  large  body  of 
the  fluid  in  which  they  naturally  float. 

Dr.  Prieftley,  however,  does  not  infer,  in  all  cafes,  that 
blood  becomes  black  by  imbibing  phlogifton  ab  extra  j 
for,  if  time  be  given  it,  this  change  may  arlfe  from  inter- 
nal caiijes,  as  from  putrefaftion,  which  he  found  by  ex- 
perience. 

Except  ferum,  he  found  that  milk  is  the  only  animal 
fluid  through  which  the  air  can  a.Si  upon  blood,  for  black 
blood  became  red  when  plunged  into  milk  as  if  covered 
with  ferum.  It  becomes  inftantly  red  in  urine,  which  he 
attributes  to  the  faline  nature  of  that  fluid.  This  makes 
it  probable,  that  the  rednefs  of  the  blood  is  owing  not 
only  to  It's  parting  with  phlogifton,  but  to  i?nbibing  the 
acidifying  principle  from  the  deplilogifticated  air. 

As  the  principal  ufe  of  the  blood  appears  to  Dr.  Prieft- 
ley to  be  derived  from  it's  power  of  receiving  and  dif- 
charging  phlogifton,  and  the  degree  in  which  it  poftTefles 
this  power  is  eafily  afcertained  by  the  eye,  it  might,  he 
thinks,  be  worthy  the  attention  of  phyficians ;  for  in 
cafes  in  which  the  blood  is  unufually  black,  and  but  little 
affe£led  by  common  air,  perhaps  breathing  a  purer  air 
might  be  prefcribed  with  advantage.  In  general,  the 
blood  he  procured  in  the  city  was  not  fo  good  as  that  got 
in  the  country,  which  he  attributes  to  the  cattle  having 
'  ]been  much  driven  and  heated  before  they  were  killed, 
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It  .ippears  from  Dr.  Pricftley'g  account,  that  having 
afterwards  made  feme  experiments  on  the  mutual  tranf- 
milHion  of  dephlogiilicated  air,  and  of  inflammable  a;iJ 
nitrous,  through  a  moift  bladder  intcrpf)fid  between  them, 
and  from  the  opinions  of  others,  he  was  foon  convinced, 
that,  befides  the  emidion  of  phlogifton  'from  the  blood, 
dephlogifticated  air,  or  the  acidifying  principle  of  it,  is  at 
the  fame  time  received  into  the  blood;  yet  he  appears  ftill 
to  be  of  opinion,  that  although  the  application  of  dephlo- 
gifticated  air  to  the  outfide  of  a  vein  may  chanee  the  co- 
lour In  it,  as  Dr.  Goodwyn  has  proved,  this  might  have 
been  affc^led,  as  hefirft  fuppofed,  by  the  ITmple  difcharge 
of  phlogiRon  from  the  blood,  when  it  had  an  opportunity 
of  uniting  with  the  dephlogiiticated  air  thus  prefented  to  it. 
Lavpifier  LavoificT  and  Crawford  formed  their  opinion  of  the  co- 
Crawford,  lour  of  the  blood  from  the  expernnents  which  Prieftley 
and  Hamilton  made.  The  laft  made  three  ligatures  upon 
the  jugular  vein  of  a  cat;  having  cxtra£led  the  blood  com- 
prehended between  twy  of  thefe  ligatures,  he  introduced 
hydrogen  gas  into  it,  and  detained  it  by  clofing  the  ori- 
fice; he  then  united  the  middle  ligature,  and  the  blood  be- 
tween the  third  ligature  and  that  of  the  middle  became  in 
contact  with  the  hydrogen  gas.  Having  drawn  the  blood 
from  the  vein,  he  found  it  liquid,  and  that  it  had  acquired 
a  colour  nearly  as  deep  as  ink.  Venous  blood  expofed  to 
vital  air  acquires  the  vermilion  colour  of  arterial  blood, 
arid  the  vital  air  is  vitiated.  From  thefe  experiments,  La- 
voifier  and  Crawford  are  of  opinion,  that  the  change  of 
colour  the  blood  undergoes  in  the  courfc  of  circulation 
proceeds  from  it's  uniting  with  hydrogen  ;  that  the  blood 
when  it  pafles  through  the  lungs  communicates  a  part  of 
it's  hydrogen  to  the  oxygen  contained  in  the  infpired  air, 
and  that  it  then  receives  it's  red  colour  again. 
Dr.  Good-  ii  ]^ad  long  been  obferved  by  Low  er  (Tra£l.  de  Corde, 
p.  185.),  in  living  anitnals,  that  the  blood  from  a  wound 
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in  ihe  trunk  of  the  pulmonary  vein  was  florid ;  and  know- 
iug  before  that  the  blood  entering  the  huigs  by  the  ^uhno- 
nary  artery  is  black,  he  concluded  that  it  acquired  this 
florid  coioui-  by  pafllng  through  the  lungs;  and  finding 
afterwards,  that  when  the  animal  ceafed  to  breathe,  the 
blood  from  the  wound  in  the  pulmonary  vein  was  black, 
he  attributed  the  florid  colour^  to  the  action  of  the  air  in  ' 

refpiration.  Dr.  Goodvvyn,  ftruck  with  this  fact,  under- 
took to  examine  the  truth  of  it.  IJe  procured  fome  large 
dogs,  removed  the  fternum,  and  expofed  the  trunks  of  the 
pulmonary  veins  and  arteries,  fo  as  to  be  able  todidinguifh 
accurately  the  colour  of  the  blood  pafling  through  them. 
He  then  inflated  the  lungs  with  bellows,  as  defcribed  by 
Vefalius,  fo  as  to  imitate  the  natural  refpiration,  and  he 
kept  the  animal  alive  by  this  proccfs  a  coufiderable  time. 
In  thefe  experiments  he  obferved,  that,  during  the  infla- 
tion, the  blood  in  the  trunks  of  the  pulmonary  artery  was 
black,  but  in  the  trunks  of  the  pulmonary  veins  florid  ; 
and  when  the  inflation  was  intermitted  for  a  minute,  the 
blood  in  the  trunks  of  the  pulmonary  vein  became  gradu- 
ally black,  liivcthat  in  the  arteries.  Dr.  Goodvvyn  like- 
wife  confirmed  Lower's  opinion  by  other  experiments  ou 
the  toad  and  lizard,  whofe  lungs  confill  of  only  a  tranf- 
parent  bladder,  with  blood-veflels  fo  thin  that  the  colour 
of  the  circulating  blood  mav  be  eafily  dillinguiihed 
through  them  ;  and  in  all  the  examples,  when  the  air 
pafled  into  the  lungs ;  the  blood  in  the  pulmonary  vefltls 
became  gradually  florid;  but  when  they  were  emptied  by 
preflure,  it  became  gradually  bla.k. 

Dr.  Goodwyn  then  inquired  to  what  part  of  the  air  re- 
fpired  this  change  of  colour  was  owing,  whether  to  the  ad- 
dition of  fixed  air  feparated  from  the  blood  in  pafling 
through  the  lungs,  or  to  the  action  of  the  phlogifticated 
or  dcphlogiflicated  air.     He  found  by  experiment,   that 
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fircfli  drawn  florid  blood  expofcd  to  fixed  air  underwent 
no  feufible  change,  and  as  l)lack  blood  fref]!  drawn  under- 
goes no  chL<nge  of  colour  wlien  expofcd  to  dcphlogidi- 
catcd  air,  he  tried  what  the  change  of  venous  black  blood 
Would  be  when  expofed  to  dephlogifticated  air,  and  found, 
in  fupport  of  the  common  afi'erlion,  that  it  became  florid, 
whilft  a  fmall  portion  of  the  air  difappearcd  during  the 
procefs;  hence  he  is  difpofed  to  believe,  that  when  the 
dephlogifticated  ajr  produces  this  change,  fomething  at 
prefent  unknown  pervades  the  coats  of  the  pulmonary 
veflels  by  the  force  of  chemical  attrad\ion. 
Dr.  Goodwyn  concludes  tliat, 

1.  A  quantity  of  dephlogifticated  air  is  feparated  from 
the  atmofpheric  air  in  the  lungs. 

2.  That  this  dephlogifticated  air  exerts  a  chemical  ac- 
tion upon  the  pulmonary'  blood,  in  confequence  of  which 
it  acquires  a  florid  colour. 

Girtanncr.  ^^  arterial  blood  be  expofed  to  hydrogen  gas  in  a  glafs 
veflel,  the  quantity  of  gas  is  diminiflied,  and  the  vermilioii 
colour  of  the  blood  is  change  to  a  deep  colour.  In  this 
experiment,  according  to  Girtanner,  the  contrary  pafles 
'  to  what  it  does  in  refpiration.  The  hydrogen  gas  in  the 
laft  cafe  unites  to  the  oxygen  of  the  arterial  blood,  to  form 
water,  and  the  arterial  blood  being  deprived  of  oxygen  be- 
comes black,  and  is  changed  into  venous  blood,  it's  deep 
colour  arifingfrom  the  lofs  of  it's  oxygen.  The  experi- 
ment of  Hamilton,  before  quoted,  is  explained  by  Gir- 
tanner in  the  fame  way.  In  this  cafe  the  blood  was  found 
liquid,  and  little  coagulable,  which  Girtanner  likewife 
reckons  in  his  favour;  for  in  his  firft  memoir  he  aflerted, 
that  the  coagulability  of  the  liquids  followed  the  fame 
laws,  and  depended  upon  the  fame  principle,  as  the  irrita- 
bility of  the  folids,  consequently  the  blood  deprived  of  the 
irritable  principle,  or  of  the  oxygen,  ought  to  be  liquid, 
i,  e.  little  or  not  coagulable.    This  chemical  phyfiologift^ 
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.after  having  flinvvn  that  the  arguments  hitherto  brought 
are  not  convincing,  proceeds  to  bring  proofs  in  favour  of 
his  own  theory. 

1 .  Venous  Blood.  Six  ounces  of  black  venous  blood, 
drawn  from  the  jugvilar  vein  of  a  (beep,  were  expofcd  to 
oxygen  gas  under  a  glafs.  It  was  inftantly  changed  to  at 
yermihon  colour  ;  the  thermometer  mounted  a  few  de- 
grees, and  defcended  again.  The  mercury  under  the  glafs 
arofe  fix  or  eight  lines.  The  blood  weighed  a  little  m6re 
than  before.  This  proves,  according  to  Girtanner,  that 
the  blood  during  refpiration  abforbs  oxygen.  This  was 
confirmed  by  a  fecond  experiment.  He  opened  the  j"g"u- 
!ar  vein  of  a  (hecp,  and  received  the  blood  in  a  bottle 
filled  with  oxygen  gas,  and  the  bottle  when  half  full  was 
flopped.  The  blood  immediately  became  of  a  vermilion 
colour,  very  fluid,  and  only  coagulated  flowly  into  ££  thick 
and  reddifh  mafs,   from  which  no  ferum  was  feparated. 

He  injedled  a  pretty  confiderable  quantity  of  very  pure 
oxygen  gas  into  the  jugular  vein  of  a  dog,  which  killed  it 
in  lefs  than  three  minutes.  He  found  the  heart  more  irri- 
table than  ordinary.  The  right  auricle  and  ventricle  con- 
tained blood  of  a  vermilion  colour  not  coagulated.  The 
blood  in  the  left  ventricle,  the  aorta,  and  the  arteries,  was 
of  a  rofe-colour,  and  mixed  with  blebs  of  air.  This  proves 
that  the  vermilion  colour  is  not  owino;  to  the  lofs  of  car- 
bonated  hydrogenous  gas  in  refpiration,  but  to  the  blood 
combining  with  the  oxygen  gas.  In  this  experiment,  the 
deep  colour  of  the  venous  blood  of  the  right  auricle  and 
'ventricle  was  changed  into  a  vermilion ;  yet  there  could 
be  no  lofs  of  carbonated  hydrogenous  gas  j  there  was  only 
an  addition  of  oxygen  gas. 

He  injected  a  fmall  quantity  of  azot  gas,  deprived  of 
fixed  air  by  lime-water,  into  the  jugular  vein  of  a  dog, 
which  died  in  twenty  feconds.  The  blood  of  the  right 
^uricle  and  ventricle  was  black,  thick,  and  coagulated > 
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The  left  ventricle  was  of  it's  ordinary  colour.  He  found 
that  the  venous  blood  of  a  fliecp  CApofed  to  azot  became 
black  nearly  as  ink,  and  , coagulated  imniedialely  ;  that  a 
quantity  of  ferum  was  feparatcd,  and  the  following  day  a 
flight  odour  of  ammonia  was  perceived  on  opening  the 
bottle. 

This  proves  that  the  colour  of  the  blood  arifes  from  tlie 
azot ;  and  the  ammonia  from  the  union  of  the  fame  azot 
with  the  hydroG^en  o;as  of  the  venous  blood.  The  colour 
of  the  blood  becoming  more  deep  after  having  loll  a  part 
of  it's  hydrogen,  appears  to  prove  that  this  deep  colour  is 
owing  to  the  carbon  of  the  blood,  and  not  to  the  combi- 
nation of  the  hydrogen  gas,  as  is  thought.  The  venous 
blood  of  a  (lieep  c.xpofed  to  carbonic  acid  gas  in  a  bottle 
immediately  coagulated,  became  of  a  very  deep  colour, 
and  a  great  qua:. lity  of  reduidi  ferum  leparaled.  A  fmall 
quantity  ol  carbonic  acid  gas  being  inje6led  into  the  ju- 
gular vein  of  a  dog,  killed  it  in  a  quarter  of  an  hour.  The 
blood  of  the  right  auricle  and  ventricle  was  thick,  and  in 
part  coagulated  ;  that  of  the  left  was  of  a  much  deeper 
colour  than  ufual.  This  likewife  proves  that  the  deep 
colour  of  the  venous  blood  is  not  owing  to  the  combina- 
tion of  hydrogen  gas.  One  part  of  the  oxygen  of  the 
carbonic  acid  gas  probably  imitcd  to  the  hydrogen  of  the 
blood  to  form  water,  and  the  carbon  previoufly  united  to 
this  oxygen  combined  with  the  blood,  and  gave  it  a 
deeper  colour. 
^  The  venous  blood  of  a  (heep  being  expofed  to  nitrous 

gas,  immediately  coagulated,  anda  great  deal  of  blackifh 
ferum  feparated.  The  next  day,  on  opening  the  bottle, 
a  very  ilrong  odour  of  nitric  nether  (dulcified  fpirit  of 
nitre)  was  perceived,  the  nitrous  gas  having  been  in  part 
-  changed  into  nitric  eether  by  the  carbonated  hydrogen  of 
the  venous  blood  j  which  proves  that  the  venous  blood 
contains  carbonated  hydrogenous  gas,  which  is  ealily  fe- 
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parated.  The  blood  having  lofl;  this  gas,  had  not  re- 
ceived il's  vermilion  colour ;  but,  on  the-  contrary,  a 
deeper  colour.  The  deep  colour  of  the  venous  blood  is 
not,  therefore,  owing  to  it's  union  with  carbonated  hy- 
drogen, iince  it  becomes  deeper  after  the  feparation  of 
the  hydrogen. 

A  fmall  quantity  of  nitrous  gas  inje6led  into  the  jugular 
vein  of  a  dog,  killed  it  in  lefs  than  fix  minutes.  The 
blood  in  the  right  auricle  and  ventricle  was  black,  thick, 
and  in  part  coagulated  :  that  in  the  left  was  much  more 
deep  than  ufual. 

2.  After  id  blood. — Some  arterial  blood,  from  the  caro- 
tid artery  of  a  fheep,  was  expofed  to  oxygen  gas  in  the 
fame  way  as  the  former  experiments  were  made,  and  it 
immediately  received  a  more  vermilion"  colour.  The  day 
after,  a  very  fmall  quantity  of  carbonic  acid  gas  was  found 
mixed  with  the  oxygen  gas. 

Arterial  blood  immediately  coagulated  with  azot  eas, 
and  became  of  a  very  deep  colour.  The  d-y  after,  a 
fmall  quantity  of  oxygen  gas  was  found  mixed  with  the 
azot  gas,  fo  that  a  candle  burned  innt  nearly  two  minutes. 
This  experiment  proves,  1 .  that  arterial  blood  contains 
oxygen  gas:  2.  that  it's  vermilion  colour  is  owing  to  it's 
union  with  this  gas;  and  that,  as  foori  as  it  is  deprived  of 
it,  it  aiTumes  it's  deep  colour  again. 

The  blood  expofed  to  carbonic  acid  gas  received  no 
effe6t  from  it,  although  it  has  a  great  effect  on  venous 
blood. .  Expofed  to  nitrous  gas,  it  immediately  coagu- 
lated ;  and  it's  furface  was  green,  and  a  little  greenifti 
ferum  feparated.  The  day  after,  vapours  of  nitrous  acid 
were  obferved  on  opening  the  bottle.  This  likewife 
proves  theprefence  of  oxygen  in  the  blood,  by  it's  con- 
verting the  nitrous  gas  into  nitrous  acid  ;  the  green  was 
owing  to  a  fmall  portion  of  azot,  which  feparated  from 
the  nitrous  acid,     Expofed  to  hydrogen  gas,  it  became 
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more  vermilion-coloured,  iinl  remained  fluid  fome  time 
before  it  coagulated,  when  a  little  fcrum  feparated.  The 
next  day  a  little  oxygen  gas  was  found  with  the  hydrogen 
gas ;  this  alfo,  according  to  Girtanner,  proves  the  pre- 
i'ence  of  oxygen  gas  in  the  arterial  blood. 

A  fmall  glafs  tube  tilled  with  arterial  blood,  and  fcalcd 
hermetically,  was  expofed  to  the  light ;  it's  colour 
changed  by  degrees  ;  and,  in  fix  days,  it  was  as  black  as 
venous  blood.  This  repeated,  but  expofed  to  heat  in- 
ftead  of  light,  the  blood  became  black  in  a  much  iefs 
time.  Thefe  two  laft  experiments,  firfl  made  by  Dr. 
Prieftley,  appear  to  Girtanner  to  prove  it  is  not  to  the 
conta6l  of  hydrogen  gas  that  venous  blood  owes  it's  black 
colour.  From  ihefe  experiments  Girtanner  concludes 
that, 

1.  The  change  of  colour  in  the  blood,  during  circula- 
tion, is  not  owing  to  it's  combination  with  hydrogen  gas. 

2.  That  the  vermilion  colour  of  arterial  blood  arifes 
from  oxygen,  with  which  the  blood  combines  during  it's 
paflagc  through  the  lungs. 

3.  That  the  deep  colour  of  the  venous  blood  is  owing 
V                  to  the  carbon  it  contains. 

Haflenfratz.  HaflTenfratz  agrees  pretty  much  with  Girtanner.  His 
opinion  is,  that  the  red  colour  of  the  blood  proceeds  from 
the  folution  of  oxygen  gas,  and  that  it's  brown  and  even 
black  colour  is  occafioned  by  union  of  the  hydrogen 
and  carbon  with  the  oxygen  it  holds  in  folution.  He 
draws  hisconclufion  from  thefe  fafts.  He  firft  dates  the 
two  fafls  upon  which  all  chemifts  are  of  accord — 1.  that 
venous  blood,  mixed  with  oxygen,  immediately  receives 
a.  beautiful  vermilion  colour ;  that  this  red  colour  changes, 
by  degrees,  and  becomes  of  a  purple,  like  the  ley  of  red 
wine,  although  the  blood  has  been  continually  in  conta6l 
with  the  oxygen,  and  both  air  and  blood  be  conftantly 
fbaken  together  in  order  to  unite  tlicm.     2.  That  arterial 
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blood,  expofed  to  the  adion  of  every  gas  which  does  not 
contain  oxygen,  receives   a   colour  of  the  ley  of  vi^ine. 
From  thefe  he  infers,  that  the  red  colour  proceeds  from 
the  foiulion  of  oxygen  in  the  blood,  and  it's  purple  co- 
lour from  the  oxygen  abandoning  the  blood,  and  uniting 
with  it's  hydrogen  and  carbon.     The  experiments  Haf- 
fenfratz  made  to  convince  himfelf  of  this  are,  he  found 
that  oxygenated  muriatic   acid,  when  added  to  venous 
blood,  immediately  decompofed  it,  and  gave  it  a  deep  and 
almoft  black  colour.    He  poured  the  fame  quantity  of 
common  muriatic  acid  into  the  quantity  of  blood,  and  the 
blood  was  immediately  decompofed,  and  flocks  of  a  clear 
brown  were  precipitated,  that  had  not  the  black  colour  it 
took  with  the  oxygenated  muriatic  acid.     Since  the  dif- 
ference between   the   oxygen  of  the  oxygenated  muriatic 
acid  and  oxygen  gas  is,  that  the  firft  is  in  a  ftatefo  as  im- 
mediately to  combine  on  being  put  into  conta6t  with  the 
hydrogen  and  carbon  of  the  blood,  whilft  the  fecond  is  in 
a  flate  which  renders  the  combination  difficult,  it  follows, 
that  the  colour  the  blood   fuddenly  takes  with  the  oxyge- 
nated muriatic  acid,  is   that  which  blood  ought  to  take,  - 
in  length  of  time,  with  oxygenous  gas.    Thus  the  black 
colour  of  the  blood  is  the  refult  of  the  intimate  combina- 
tion of  the  oxygenous  gas  with  the  carbon  and  hydrogen 
of  the  blood,  whilft  it's  red   colour  is  only  the  refult  of 
the  folution  of  oxygen  gas  in  the  blood.     To  aflure  him- 
felf more  pofitively  of  this  truth,  he  repeated  an  experi- 
ment of  Girtanner  :  he  filled   feveral  glafs  tubes  full  of 
blood  made  red  by  oxygen  gas,  and  fealed  them  herme- 
tically ;  fome  of  which  he  put  into  the  light,  others  into 
the  dark,  and  he  found  that  the  blood  in  all  was  become 
blackifli,  like  the  ley  of  wine.     The  reafon  therefore  of 
the  two  phenomena  which   have  excited  the  cuiiofity  of 
all  philofophers,  viz.  the  red  colour  of  the  blood  in  con- 
tact with  oxvg-cn,   and  the  brown  colour  when  in  contail 
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with   the  other  gafcs,  arc  (^iifily  explained.     As  long  as 
the  blood  is  in  conta<Sl  with  oxygon,  and  this  gas  is  dif- 
folvcd  in  the  blood,  it  i$  of  a  beautiful  red  j  but  when  it 
is   in  conta(Sl  with  gafes   that  contain   no  oxygen,  that 
which  is  diifolved  in  the  blood,  and  vvliich  occafions  it's 
vermilion  colour,  quits,  by  degrees,  the  whole  mafs  of 
blood  to  combine  partially  with  it's  hydrogen  and  carbon, 
and  it's  colour  is  brown  ;  and  as  the  air  in  contail  cannot 
furnifh  new  oxygen,  the  colour  continues  to  darken  until 
all  the  diifolved  oxygen  is  combined.     Thischemift  like- 
wife  explains  the  particular  fafi:  obferved  by  Fourcroy  ; 
the  diminution  of  the  high  red  colour  of  the  blood,  con- 
ftantly  in  contaft  with  hydrogen  gas,  by  the  diminution 
of  the  force  of  attraflion  of  the  blood   toward  the  oxy- 
gen gas,  in  proportion  as  it's  carbon  and  hydrogen  are 
combined  with  the  gas  of  which  it  was  firft  in  pofleffion  j 
which  affords  a  belief,  that,  fince  the  blood  which  circu- 
lates has  always  the  fame  property  of  becoming  red  by 
mixing  with  oxygen,  although   it   has   already  taken  a  . 
considerable  quantity,    during   it's    circulation  it  takes 
from  the  fubftances  with  which   it  is  in  contafl  a  quan- 
tity of  hydrogen  and  carbon,  equal  to  that  which  fuccef- 
fively  combines  with  the  oxygen.     He  then  made  fome 
obfervations   on  the  hypothecs  of  de  la  Grange.     He 
obferves,  that  fince  the  red  colour  of  the  blood  is  thecon- 
fequence  of  the  folution  of  oxygen  gas  in  it;  fince  the 
purple  colour  of  the  ley  of   wine,    and  even  the  dark 
brown   colour,  proceed  from  the  union  of  oxygen  gas 
with  the  carbon  and  hydrogen  of  the  blood  ;  fince  the  ve- 
nous blood  Is  purple,  and  the  arterial  blood  vermilion ;  it 
follows,  that  the   arterial   blood  contains  oxygen  gas  in 
folution,  that  this  oxygen  unites  itfelf  by  degrees  with  the 
hydrogen  and  carbon  of  the  blood  during  it's  circulation, 
and  when  the  blood  returns  by  the  veins  into  the  lungs  all 
the  combination  is  made,  and  that  it  there  difix)lves  again 
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oxyo-en  gas,  to  return  with  a  vermilion  colour  into  the 
arteries.^  As  the  dark  brown  colour  of  the  blood  is  in 
confequence  of  the  union  of  oxygen  with  the  carbon  and 
hydrogen  of  the  blood,  and  as  the  blood  on  paffing  from 
the  veins  into  the  lungs  to  return  back  into  the  arteries 
becomes  vermilion,  it  follows,  that  in  the  lungs  very  little 
union  takes  place  between  the  carbon  and  hydrogen  of 
the  blood  with  the  oxygen  of  the  infpired  air,  and  that 
the  greateft  combination  is  made  during  the  circulation. 
It  follows,  therefore,  on  concluding,  according  to  Haf- 
fenfratz,  that, 

ift.  The  red  colour  of  the  blood  is  the  refultofit's 
diffblving  oxygen  gas. 

2d.  That  it's  brown  and  even  black  colour  arife  from 
the  combination  of  the  hydrogen  and  carbon  of  the  blood 
with  the  oxygen  diffolved  in  it. 

According  to  Davy,  the  arterial  blood  owes  it's  fine  Da\'y. 
vermilion  colour  to  light  and  oxygen,  or  the  phofoxygen 
entering  into  it's  compofition  ;  and  the  venous  blood  is 
black,  from  a  deficiency  of  phofoxygen,  and  a  fuper- 
abundance  of  carbon.  Having  defcribed  the  principal 
experiments  and  opinions  of  chemifts  on  the  caufe  of  the 
difference  of  colour  between  venous  and  arterial  blood, 
the  third  part  of  this  article  of  refpiration  will  give  an  ac- 
count of  the<lifferent  fyftems  on  animal  heat. 

Animal  Heat.  —  The  origin  and  caufes  of  heat  in  the  Opinions 
animal  body  have  been  fubje£ls  of  difcuffiori  from  the"  "^' 
earlieft  ages  ;  but  the  ignorance  of  the  ancients  in  fcience, 
and  their  fuperftition,  which  is  always  the  confequence  of 
it,  enabled  them  only   to  form  extravagant  and  abfurd 
ideas.     It  is  well  known  how  greatly  they  were  inclined 
to  attribute  every  thing  they  could  not  underfland  to  fu- 
pcrnatural  power,  and  this  propenfity  pervaded  thewifeft. 
We  are  told  that  even  the  great  father  of  medicine.  Hip-  Hippo- 
pocrates,  was  not  devoid  of  this  weaknefs.    He  confidered  ^"^^*- 
heat  as  a  myftery,  and  even  beflowed  upon  it  feveral  of 
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the  attributes  of  the  l>city,  "  What  we  call  heat/^ 
fays  he,  "  appears  to  be  fomething  immortal.''  We 
learn  from  Galen  that  the  hvpothcfis  amongft  fomc  phy- 
ficians  in  his  time  was,  that  animal  heat  depended  on  the 
motion  of  the  heart  and  arteries ;  and  as  they  looked 
upon  this  nriotion  to  be  innate,  they  confidered  that  heat 
waslikewifc  fo  :  this  hypothefis  however  he  rejeifts;  and, 
being  a  peripatetic  philofopher,  he  accounts  for  it  accord- 
ing to  that  fyftem. 

Amongft  the  moderns,  different  authors  liave  amufed 
themfelvcs  and  the  world  by  inventing  many  fanciful 
theories  on  this  fubjed.  Thus  Van  Helmont  and  Sylvius 
attributed  animal  heat  to  the  effervefccnce  which  they 
thought  took  place  in  theinteftinal  canal  from  the  mixture 
of  the  pancreatic  juice  and  the  bile.  This  notion  appears 
to  have  originated  from  having  obferved  that  a  degree 
of  heat  was  produced  from  the  mixture  of  certain  bo- 
dies, which  fometimes  amounted  to  aiiual  inflammation. 
Others  attributed  it  to  the  fame  caufe;  hut  difagrecdas  to 
the  place  where  this  mixture  happened,  and  of  the  nature 
of  the  fluids  of  whiich  it  confided. 
Accounted  Another  opinion,  which  continued  nearlv  two  centu- 
\\ueJ  ™*^  ^'*^^'  ^^'"^^  ^^^^  ^^  ^^^  mixture  of  acids  and  alkalis ;  it 
was  imagined  that  acefcent  fluids,  when  taken  into  the 
flomach,  met  with  others  of  an  alkaline  nature  already 
prepared  ;  and  this  gave  rife'  to  the  heat  peculiar  to  the 
animal  bodv. 

After  the  abfurdity  of  explaining  the  phenomena  of  the 
human  machine  by  chemical  mixture  had  been  perceived 
by  phyfiologills,  it  was  fucceeded  by  fermentation.  It 
had  been  obferved  that  fermentation  was  productive  of 
heat,  and  as  it  was  the  fafliion  to  explain  the  phenomena 
which  took  place  in  the  vital  functions  by  fermentatiorr, 
they  thought  they  could  not  do  better  than  to  attribute 
animal  heat  to  ihe  fame  caufe ;  and  although  fome  of  them 
modified  their  conje(Sure  refpeding  the  peculiar  fpccies  of 
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fermentation,  it  was  chiefly  confined  at  laft  to  the  putre- 
f'aclive,  more  efpecially  as  it  was  fuppofed  that  procefs 
look  pjace  durino-  digeftion      Soon  after  the   immortal 
'Harvey  had  explained  the  circulation  of  the  blood,  the 
mechanical  generation  of  animal  heat  took  it's  rife ;  and  Nfcchanical 
fo  certain  were  phyfiologifts  of  it's  truth,  that  they  looked 
upon  it  almofl  as  capable  of  mathematical  demonftration. 
They  firft  conceived  this  opinion  from  obferving  that  ani- 
mal heat  generally  keeps  pace  with  the  flate  of  the  circu- 
lation ;  that  when  the  heart  and  arteries  beat  high  and 
quick,  a  great  deoree  of  heat  is  produced  :  on  the   con- 
trary, when  their  aftion  becomes  more  faint  and  languid, 
the  animal  heat  is  likewife  diminiftied.  There  was,  how- 
ever, one  point   in  which  the  mechanical  phyfiologifts 
could  not  acrree,  /.   e.  whether  it  were  occafioned  bv  the 
attrition  of  the  blood  againfl:  the  veffels  which  contain  it, 
or  by  the   internal    agitation  and  fri6lion  of  the  particles 
againfl:  each  otlier.     Hence  it  gave  rife  to  various  con- 
je6lures :  many   ingenious  arguments  were  brou!xht  in 
fupport  of  each  hypothefis;  but,  as  fa6ls  could  not  de- 
termine the  point,  it  fell,  as  mofl;  other  hypothefes  do, 
for  want  of  proper  evidence. 

According  to  Dr.  Mortimer,  animal  heat  arifes  from  Opinion  of 
the  phofphorus  and  air  which  the  animal  fluids  contain.  meV.  '•  " 
He  thinks  thefe  lie  in  a  dormant  ftate  until  brou2;ht  into 
contael,  which  is  effected  by  means  of  ihe  circulation  ; 
and  if  it  were  not  for  the  abundance  of  aqueous  humours 
in  animals,  he  alleges  that  incenfions  would  frequently 
happen. 

According  to  Douglas,  animaf  heat  arifes   from  the  According 
friftion  of  the  globules  in  their  circulation  thronoh  tbe  ^    "•  s**. 
capillary  vefliels.     Stevenfon  fays  that  it  is  owing  to  the 
fame  procefs  by  which  our  aliment  and  fluids  are  perpe- 
tually made  to  undergo  fome  alteration.     According  to 
Fj-anklin,  the  fluid  fire,  as  well  as  th^  fluid  air,  being  ut- 
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trafted  by  plants  in  ihcir  growth,  and  confolidated  with 
the  other  material^  of  which  thcv  arc  compofcd,  after 
being  digefled,  and  having  undergone  a  kind  of  frrmen- 
taiion  in  the  vcfTels,  part  of  ihe  fire  and  air  recovers  it's 
fluid  a6tive  (late  again,  and  difl'ufes^itfelf  over  the  body, 
which  is  the  animal  heat. 
"  A  more  accurate  and  extenfive  knowledge  of  the  human 

ceconomy  foon  fvw   into   the  futility  of  fuch  methods  of 
argument,  and  a  more  in<j;cnioushypothe(is  perhaps  than 
Cuiicn.        had  hitherto   appeared    was   attempted  by  Dr.  Cullen, 
which  he  delivered  in  the  form  of  little  more  than  a  con- 
jcfture.    He  was  of  opinion  that  the  difference  of  tempe- 
rature in  different  animals   is  owing  to  a  difference  in 
the  vital  principle;  fo  that,  although  the  velocity  of  the 
blood  mav  be  the  fame  in  a  frog  as  in  a  man,  yet,  in 
confequence  of  the  variety  in  the  vital  principle,  the  heat 
produced  may  be  different ;  hence  he  fuppofes  the  princi- 
ple of  life  has  the  power  of  generating  heat  or  cold. 
The  floe-         The  phlogifton  of  Stahl  now  came  more  into  fafliion, 
c'"f,"-        and  ferved  to  explain   the  origin  of  animal  heat.     Dr. 

Stahl  in  (  ^ 

iafnion.       Elacjc  having  obferved  that  animals  which  refpire  are  of 

Opinion  of  o  i      »  i  -n  n    m  • 

Bi-tk.  all  Others  the  warmeft,  and  that  there  exifts  a  Itrikmg 
and  clofe  connexion  between  their  ftate  of  rcfpiration  and 
their  degree  of  heat,  was  induced  to  conclude  that  animal 
heat  is  generated  in  the  lungs  by  the  aftion  of  the  air 
on  the  phlogifton  or  principle  of  inflammability,  in  a 
manner  not  dlflimilar  to  what  he  fuppofed  to  take 
place^in  actual  inflammation,  and  that  it  is  diffufed  by 
the  circulation  over  the  reft  of  the  fyftem.  This  opi- 
nion was  defended  by  many  arguments. —  1.  It  wasfaid, 
that  finee  a  quantity  of  mcphitic  phlogifticated  air  is 
known  conftantly  to  exhale  from  tlie  lungs,  and  that  at- 
mofpheric  air,  by  pafftng  through  the  limgs,  acquires  the 
fame  properties  as  by  paffing  through  fuel  in  aO:lual  in- 
flammation, or  by  being  expofcd  to  any  other  proeefs  of 
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phlop-llli cation,  it  is  obvious  that  the  change  the  common 
air  undergoes  in  both  cafes  ought  to  be  attributed  to  one 
and  the  fame  caufe,  viz.  it's  combination  with  phlogifton. 
e.  This  hvpothefis  has  been  fupported  by  urging,  that 
the  celerity  with  which  the  principle  of  inflammability  is 
feparated  in  refpiration,  is  very  clofely  connedied  with  the 
degree  of  heat  peculiar  to  each  animal.  Thus  man, 
birds,  and  quadrupeds,  vitiate  air  very  fad;  ferpents  and 
all  the  am.  hibious  fpecies,  very  flowly  5  and  the  latter  are 
of  an  inferior  temperature  to  the  former,  and  breathe 
lefs  frequently.  3.  The  moft  ingenious  and  cogent  argu- 
ment which  the  defenders  of  this  theory  have  ufed  is,  that 
no  heat  is  generated  till  the  function  of  refpiration  takes 
place;  for  the  fcetus  in  utero  derives  all  it's  heat  from  the 
mother. 

Againft  this  theory.  Dr.  Leflie  brings  the  following  ob-  Oppofed  by 
je6lions.  ifl.  That  there  are  various  proofs  of  the  im- 
poflibility  of  the  lungs  being  the  fource  or  elaboratory  of 
animal  heat,  (ince  animals  without  organs  of  refpiration 
generate  heat,  and  even  thofe  filhes  which  are  deftitute  of 
gills  appear,  from  various  experiments,  to  be  warmer  than 
the  ordinary  temperature  in  which  they  live:  hence  refpi- 
ration is  not  abfolutely  neceflary  for  the  produ6lion  of 
animal  heat.  2.  If  animal  heat  be  generated  folely  in 
the  lungs,  it  can  only  be  communicated  to  the  reft  of  the 
body  by  the  arterial  fyftem,  and  the  heat  muft  decreafeas 
it  recedes  from  it's  fuppofed  centre.  But  it  is  more  con- 
formable to  fa6ts,  that  the  venous  blood  is,  if  not  warmer, 
at  leaft  as  warm  as  the  arterial ;  and  according  to  Dr. 
Stevenfon  the  thermometer  immerfed  in  flowing  venous 
blood  rifes  feveral  degrees  higher  tlian  that  placed  in  the 
arterial,  whilft  there  is  no  experiment  to  fiiow  the  tem- 
perature of  the  blood  to  be  higher  in  the  left  ventricle 
than  in  the  right;  which  would  be  the  cafe  if  all  the  ani- 
mal heat  was  generated  in  the  lungs.     3.  Having  tb.us 
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rendered  it  improbable  that  the  generation  of  animal  heat 
fhould  be   entirely  confined  to  the  lungs,  Dr.  Leflie  en- 
deavours to  (how  that  the  vital  fluid,  far  from  acquiring 
all  it's  heat  in  the  pulmonary  fvftcm, -communicates  no 
inconfideraljlep)rli()ii  of  what  it  has  received  inthecourfe 
of  circulation  to  the  air,  alternately  entering  and  iflTuing 
from  that  organ.     Were   the  blood  heated  in  the  lungs, 
their  function  would  be  Icfs   neccfiary  in  a  warm  than  in 
a  cold  atmofphere  :  but  it  is  known  that  when  the  air  is 
extremely  hot  a  perfon  breathes  full  and  quick  to  become 
cool,  and  in  intenfe  cold  refpiration  is  flow  and  languid; 
wliich   would  not  be  the  cafe  if  the  blood  was  heated  in 
the  luncr-.  by  the  aftion  of  the  air  upon  it.     The  air  ap- 
pears r;  tiH-r  to  diminifli  than  increafc  the  animal  heat  by 
carry:  'gofl'phlogifton  from  the  lungs  :  hence  Dr.  Duncan 
compared   rcfpiiation  to  the  blowing  of  bellows  on  a  hot 
body  5  in  both  cafes  a  confideiable  degree  of  heat  is  com- 
OpinioR  of  municatcd  to  the  kir.  Dr.  Lefiie  having  thus  brought  his 
arguments  againft  the  theory  of  Dr.   Black,  and  after 
iliowing  that  heat,  though  generated^  cannot  accumulate 
in  the  fceUis,  erects  another  theory  in  it's  place,  which 
depends  upon^he  following  pofitiuns  : 
i.  That  the  blood  contains  phlogifton. 

2.  That  this  phlogifton  is  evolved,  extricated,  or 
brought  into  a  ftate  of  activity  and  motion,  by  the  adiion 
of  the  blood-vefltls  to  which  it  is  fubjedled  in  the  courfe 
of  circulation. 

3.  That  the  evolution  of  phlogifl:on  is  a  caufe  which 
throughout  nature  produces  heat ;  whether  that  heat  be 
apparently  excited  bv  mixture,  fermentation,  percuffion, 
fritlicn,  infhnrnation,  ignition,  or  any  fimilar  caufe. 

4.  That  this  heat,  produced  in  confequence  of  the 
evolutionof  phlogifton  from  theblood  of  different  animals, 
is  in  all  prt'bability  equal  to  the  higheft  degree  of  heat 
thefc  aiiimals  in  any  cafe  poflefs.     To  this  theory  of 
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Dr.  Le{lie»fucceeded  that  of  Dr.  Adair  Crawford,  who 
proved  the  fundamental  principleLeflie kid  down,  viz.  that 
the  venous  blood  is  warmer  than  the  arterial,  to  be  faile. 
Helikewile  appears  to  be  the  firft  who  attempted  to  af- 
certaui,  by  direct  experiment,  the  caufe  of  animal  heat. 

Dr.  Crawford,  who  in  his  general  do6lrine  of  heat  Theory  of 
feems  to  agree  with  Dr.  Irwni  or  Cjlalgow,    begins  wuh 
an  explanation  of  his  terms.     The  words  h^jt   and  ftre 
he  tells  us  are  ambiguous.     Heat   in  common  language  Heat, 
has  a  double  fignification  :  it  is  ufed  indifcriminately  to  ex- 
prefsaienfation  of  the  mind,  and  an  unknown  principle, 
whether  we  call  it  a  quality  or  a  fubjiance,  which  is  the 
exifting  caufe  of  that  fenfation.     The  latter, "with  Dr. 
Irwin,  he   calls  abfolute  heat,  the  other  relative  heat.     It 
therefore  appears  that  abfolute  heat  exprefles  in  the  abf-  Abfuiute. 
tra^l  that  power  or  element,  which,   when  it  is  prefent  to 
a  certain  degree,  excites   in   all  animals  the  fenfation  of 
heat;   and  relative  heat  exprefles  the  lame  power,  confi-  Relative, 
dered  as  having  a  relation  to  the  efteii^s  by  which  it  is 
known  and  meafured  ;   for  inftance,  fuch  as  the  effeft  it  , 
produces  upon  an  inflrument  called  a  thermometer,  em- 
ployed in  meafuring  it.  It  has  been  found  bv  experiment, 
that  in  bodies  of  diflerent  kinds  the  quantities  of  abfolute 
heat  may  be  unequal,  though  the  temperatures  and  weights, 
or  their  relative  heat  be  the  fame.     Thus,  ifa  pound  of 
water  and  a  pound  of  diaphoretic  antimony  have  a  com- 
mon temperature,  the  quantity  of  abfolute  heat  contained 
in  the  former  is  nearly  four  times  that  eontaineJ  in  the 
latter.  When  the  principle  of  heat  is  confidered  relatively 
to  the  whole  quantity  of  it  contained  in  bodies  of  different 
kinds,  but  which  have  equal  weights  and  temperatures,  it 
is   termed    comparative  heat.     If,  for  example,  the  tern^  Cowpa'a- 
peratures  and  weights  being  the  fame,  the  wliole  quantity  "^'^" 
of  heat  in  water  be  four  times   as  gccat   as  that  in  an- 
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timony,  the  comparative  heats  of  thefe  fubflances  are 
faid  to  be  to  each  other  as  four  to  one.  The  comparative 
heats  of  bodies  of  equal  weights  and  temperatures  are 
crreater  or  lefs  in  proportion,  as  lefs  or  greater  alterations 
are  produced  in  their  temperatures  by  equal  quantities  of 
abfolute  heat.  Thus,  the  fame  quantity  of  heat  which 
raifes  a  pound  of  water  one  degree  is  fufficient  to  raife  a 
pound  of  mercury  28  degrees  :  hence  the  comparative 
,  heat  of  water  is  to  that  of  mercury  as  28  to  l.  As 
equal  weights  of  heterogeneous  fubftances  are  found  to 
contain  unequal  quantities  of  abfolute  heat,  there  muft  be 
certain  efTential  differences  in  the  nature  of  bodies,  from 
which  fomc  have  the  power  of  collecting  and  retaining 
that  element  in  greater  quantity  than  others.  Thefe  dif- 
Capaciiics  fcrcut  powcrs  arc  called  the  r^/x^f/'/zVi  of  bodies  for  con- 
f.r,,?!^,,  taining  heat :  thus,  if  a  pound  of  water  contains  four 
iiighrat.  times  as  much  abfolute  heat  as  a  pound  of  diaphoretic  an- 
timony at  the  fame  temperature,  the  capacity  of  water 
for  containing  heat  is  to  that  of  antimony  as  four  to  one. 
Such  are  the  principal  definitions  Dr.  Crawford  has  laid 
down.  He  then  gives  fome  general  facts  refpetSiing  heat, 
and  afterward  begins  to  examine  animal  I'ubftances,  fo  as 
t^o  produce  a  theory  upon  animal  heat. 

On  making  experiments  with  animal  fubftances  refpefl:- 
Arteriai  iug  their  comparative  heats,  he  found  that  arterial  blood 
contained  a  greater  quantity  of  abfolute  heat  than  water, 
which  compofed  fo  large  a  portion  of  it;  for,  taking 
water  as  a  ftandard  at  1. 000,  arterial  blood  was  1.03. 
The  remarkable  accumulation  of  heat  in  this  lafl  fluid 
led  Dr.  Crawford  to  fufpccl  it  abforbs  heat  from  the  air 
in  theprocefs  of  refj)iration  ;  and  he  was  much  confirmed 
in  his  fufpicion  by  the  f.)llowing  confiderations : 
Confid'-rr.  1.  Thofe  animals  fumiflied  with  lungs,  and  which  con- 
L'lto'.t^^"'  tinr.ally  iufpire  faili  air  m  large  quantities,  have  a  tern- 
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perature  confiderably  higher  than  the  furrounding  atmo- 
fphere,  whilft  animals  without  relpiratory  organs  are 
nearly  of  the  fame  temperature  with  the  medium  in  which 
they  Hve. 

2.  Among  hot  animals,  thofe  arc  warmeft  which  have 
the  largeft  refpiratory  organs,  and  which  confequcntly 
breathe  the  greateft  quantity  of  air  in  proportion  to  their 
bulk,  fuch  as  birds. 

3.  The  degree  of  heat  in  the  fame  animal  is  In  fonie 
meafure  proportionable  to  the  quantity  of  air  infpired  in 
a  given  time  :  thus  the  animal  heat  is  increafed  by  exer- 
cife,  or  whatever  accelerates  refpiration. 

From  thefe  he  was  led  to  examine  the   fubjeft  of  ani-  Propofi- 
mal.heat  more  particularly,  the  refult  of  which  is  com-  particular 
prehended  in  the  following  propofitions :  examnia- 

^  oil  ^  ^  tiQn  of  ani- 

1.  The  quantity  of  abfolute  heat  contained  in  pure  mai  heat. 
air  isdiminifhed  by  the  change  it  undergoes  in  the  lungs 

of  animals,  and  the  quantity  of  heat  in  any  kind  of  air  fit 
for  refpiration  is  nearly  proportional  to  it's  power  in  fup- 
porting  animal  life. 

2.  The  blood  which  jiafTes  from  the  lungs  to  the  heart 
by  the  pulmonary  vein  contains  more  abfolute  heat  than 
that  which  pafles  from  the  heart  to  the  lungs  by  the  pul- 
monary artery. 

3.  The  comparative  quantities  of  heat  in  bodies  fup- 
pofed  to  contain  phlogifton  are  increafed  by  the  changes 
theyundergo  in  the  procefles  of  calcination  and  combuftion. 

4.  The  colour  of  the  venous  blood  of  a  living  ani- 
mal approaches  more  nearly  to  that  of  the  arterial  in  a 
warm  than  in  a  cold  medium  ;  lefs  air  is  phlogifticated, 
in  a  given  time,  in  the  former  than  in  the  latter  liiualion; 
and  the  heat  produced  by  the  refpiration  of  an  animal  "s 
nearly  equal  to  that  produced  by  the  burning  of  wax  or 
charcoal^  the  quantities  of  pure  air  confumcd  being  the 
fame. 
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Expianati.  n  Dr.  Crawforcl,  from  experiments  made  on  the  cnmpa- 
heat  ironi  rat'ivc  heats  of  difTerent  nlrs  and  animal  Uu/j  jUl-cs,  lo  rvs  to 
fc'^H^^^^'  txplainthephcnomenaofrcfj/iratioaandanij'i?!)  c-  t,  h;und 
perimeius.  that watef  being  the ftandard al  i  .<  Oo,  inflar«iir.i.r>ic  oir v.r's 
21.400(y;  dephlogiflicatbd  air4.7i'.JO;  rlnir.f  .hc-ca'  ?ir 
I.79OOI  aqueous  vapour  1.3.500;  fivedairl  fH '.4  ;  ph' 
gifticated  air  0.7936;  arterial  blood  l.OHOo  ;  vencus 
blood  0.8928  ;  frefli  milk  of  the  cow  0,9991-'  ;  bide  of  an 
ox  with  the-hair  0.7870  ;  lungs  of  a  flieep  0.7^90 ;  lean  of 
the  beef  of  an  ox  0  7400: — he  therefor..'  forni;  an  efli- 
mate  of  the  qunntitv  of  heat  yielded  by  the  purer  part  of 
atmofpherical  air  when  it  is  eonveritd  into  li;\ed  air  and 
aqueous  vapour  during  refpiration,  and  alfo  of  thai  which 
is  abforbed  during  the  converfion  of  venous  into  arterial 
blood  by  the  fame  procefs,  explaining  his  theory  of  ani- 
mal heat  in  the  following  manner. 

From  having  proved  that  the  comparative  heat  of  pure 
.  air  is  to  that  of  the  fixed  air  and  aqueous  vapour,  into 
■which  it  is  changed  in  the  lungs,  as  three  to  one,  the 
fame  heat  which  raifes  the  pure  air  one  degree  will  raife 
the  fixed  air  and  aqueous  vapour^ three  degrees  ;  and,  con- 
fequently,  the  fame  heat  which  raifes  pure  air  any  given 
number  of  degrees  will  raife  the  fixed  air  and  aqueous 
vapour  the  fame  number  of  degrees  multiplied  by  three. 

Having  proved  that  pure  air  at  the  common  tempera- 
ture of  the  atmofphere  contains  15  50  degrees  of  heat,  if  a 
certain  quantity  of  pure  air,  iiot  in  contact  with  any  body 
that  would  immediately  carry  off  the  heat,  fliould  fuddenly 
be  converted  into  fixed  air  and  aqueous  vapour,  the  heat 
contained  in  the  former  would  raife  the  latter  1.550  de- 
grees multiplied  by  three,  or  4650  degrees ;  ajid  the  tem- 
perature of  red  hot  iron  being  1050,  it  follows  that  the 
quantity  of  heat  yielded  by  pure  air,  when  converted  into 
fixed  air  and  aqueous  vapour,  is  fuch  (if  it  were  notdifli- 
patcd)  as  would   raife  the  air  and  vapour  fo  chvingcd  to 
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more  than  four  times  the  excefs  of  the  heat  of  red-hot 
iron  above  the  common  temperature  of  the  atmofphere. 
If,  therefore,  the  abfolute  heat  which  is  difengaged  from 
the  air  in  refpiration  were  not  abforbed  by  the  blood,  a 
very  great  degree  of  fenfible  heat  would  be  produced  in 
the  lungs. 

Again,  having  proved  that  the  fame  heat  which  raifes 
tenous  blood  113  degrees  will  raife  arterial  only  100  de- 
grees 5  the  fame  heat  which  raifes  venous  blood  any  given 
number  of  degrees  will  raife  arterial  a  lefs  number,  in  the 
proportion  of  100  to  115,  or  of  20  to  23.  But  venous 
blood  contains  at  leaft  1580  degrees  of  heat :  hence,  if  a 
certain  OjUantity  of  venous  blood,  not  in  contact  with  any 
body  that  would  immediately  fupply  it  with  heat,  fhould 
Aiddenly  be  converted  into  arterial,  the  heat  contained  in 
the  former  would  raife  the  latter  only  -Jf  of  1580  degrees, 
or  1373  degrees;  and  confequently  the  fenfible  heat 
would  fuffer  a  diminution  equal  to  the  difference  between 
1380  and  1373,  or  nearly  200  degrees.  But  the  com- 
mon temperature  of  the  blood  is  06 :  when  therefore 
venous  blood  is  converted  into  arterial  in  the  lungs,  if  it 
were  not  fupplied  by  the  air  with  a  quantity  of  heat  pro- 
portionaole  to  the  change  it  undergoes,  it's  fenfible  heatr 
would  be  diminifhed  200  degrees,  or  it  would  fall  from 
96  to  104  below  the  zero  of  Fahrenheit. 

That  animal  heat  depends  upon  the  feparation  of  ele- 
mentary fire  from  the  air  in  the  lungs  is  likevvife,  accord- 
ing to  Dr.  Crawford,  fupported  by  experiments  made  in 
fupport  of  the  third  and  fourth  propofitions.  For  from 
thofe  of  the  third  it  appears,  that  when  bodies,  are  united 
with  the  inflammable  principle  they  part  with  a  portion 
of  their  elementary  fire;  and  when  this  is  again  difen- 
gaged,  they  reabforb  an  equal  portion  of  this  fire  from 
the  furrounding  bodies.  It  alfo  appears,  from  thofe 
cf  the  fourth  propofition  compared  with  the  diicoveries  of 
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Prieftley  and  Cavcndifh,  that  when  pure  air  is  combined 
with  the  inflammable  principle,  in  the  flate  of  light  in- 
flammable air,  it  is  changed  into  aqueous  vapour  j  but  in 
the  ftate  of  heavy  inflammable  air  it  is  converted  into 
fixed  air;  that  wax,  oil,  and  tallow  confid  chieflv  of 
heavy  and  light  inflammable  air  in  a  folid  ftate  ;  that, 
when  pure  air  is  altered  by  the  combuftion  of  thcfe  fub- 
ftances,  fixed  air  and  aqueous  vapour  are  produced,  and 
the  fame  produds  arc  obtained  when  that  fluid  is  altered 
by  the  refpiration  of  an  animal.  Hence  it  follows,  that 
in  refpiration  and  combuftion  the  pure  air  is  altered  in 
it's  properties  by  combining  with  the  inflammable  prin- 
ciple :  and  fince  we  know  that  the  union  of  thefe  ele- 
ments is  univerfally  accompanied  with  the  extrication  of 
heat,  and  a  large  quantity  of  elementary  fire  is  difen- 
gaged  from  the  air  in  the  combuftion  of  oleaginous  fub- 
llances  in  particular,  it  may  be  concluded,  that  in  the 
procefs  of  refpiration  a  fimilar  extrication  of  fire  takes 
plac,e ;  and  this  is  confirmed  by  fome  experiments,  the 
refults  of  vi'hich  are,  that  when  equal  quantities  of  air  are 
changed  by  the  refpiration  of  an  animal,  and  by  the  com- 
buftion of  a  wax  taper,  the  quantities  of  fenfible  heat 
produced  are  nearly  the  fame. 

It  has  alfo  been  proved,  that  the  change  the  blood  un- 
dergoes during  it's  circulation  in  the  lungs  is  fimilar  to 
that  which  folid  bodies  undergo  when  melted  ;  /.  e.  their 
capacities  are  increafcd  :  and  fince  when  folid  bodies  are 
melted  a  quantity  of  heat  is  abforbed,  it  may  be  conclud- 
ed, that  when  venous  is  changed  into  arterial  blood  a  ^\- 
<      milar  abforption  takes  place. 

Laftly,  experiments  fhow,  that  when  an  animal  is 
placed  in  a  cokl  medium,  the  venous  blood  acquires  a 
deeper  hue,  and  a  greater  quantity  of  air  is  altered  by  re- 
fpiration in  a  given  time  than  when  it  is  in  a  warm  me- 
dium. Now,  Dr.  Prieftley  has  proved  that  the  livid 
colour  of  the  venous  blood  depends  upon  it's  union  with 
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the  ii'.flammable  principle :  hence,  the  more  the  blood 
contains,  the  more  it  phlogifticates  the  air  in  the  lungs  ia 
a  given  time,  and  a  greater  quantity  of  elementary  fire  is 
abforbed,  in  proportion  as  the  animal  is  in  a  medium  of 
a  low  temperature.  Hence,  the  quantity  of  heat  fepa- 
rated  from  the  air,  and  abforbed  by. the  blood,  is  in  all 
cafes  proportioned  to  the  neceOity  :  the  elementary  fire  is 
therefore  the  tru'j  caufe  of  animal  heat. 

Animal  heat,  therefore,  depends  upon  a  procefs refem-  Sourceof 

.  .     ,  animal  icat, 

bhng  a  chemical  elective  attraction,      i  he  pure  air  is  re-  andthcpro. 
ceived  into  the  lungs  containing  a  great  quantity  of  ele-  p^^judiou 
mentary  fire;  the  blood  is  returned  from  the  extremities 
impregnated  with  the  inflammable  principle ;  the  attrac- 
tion of  pure  air  to  the  latter  p;  inciple  is  greater  than  that 
of  the  blood.     This  principle  will   therefore  leave  the 
blood  to  combine  with  the  air  :  by  this  combination  the 
air  is  obliged  to  depofit  a  part  of  it's  elementary  fire ;  and 
as  the  capacity  o^  the  blood  is  at  the  fame  moment  in- 
creafed,  it  will   infiantly  abforb  that  porticm  of  fire  de- 
tached from  the  air.     The  arterial   blood,  in  it's  paflaga 
through  the  capillary  vclTels,  is  again  impregnated  with 
the  inflammable  principle";  hence  it's  capacity  for  heat  is 
diminiflied,  as  is  fhown  by  experiments  in  proof  of  the 
fecond  propofition.     It  will  therefore,   in  the  courfe  of 
circulation,  gradually  give  out  the  heat  it  received  in  the 
lungs,  and  diflTufe  it  over  the  whole  fyftem.     Thus,  in  re- 
fpiration,  the  blood  is  continually  difcharging  the  inflam- 
mable principle  and  abforbing  heat,   and  in  circulation 
continually  imbibing  this   principle  and  cnntting  heat. 
But  as  heat  is  not  proved  to  be  a  fubftance,  Dr.  Crawford     ^ 
does  not  mean  to  fay  that  elementary  fire  is  capable  of 
chemical   combination;  or  to  affirm  that  heat  is  di fen- 
gaged  from  the  air  in   refpiration  by  means  of  a  double 
elcclivs   attraction :  he   only  gives  conciufions  deduced 
from  fa*Sls  and  experimental  teftimony ;  and  if  it  be  ad- 
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mitted  a^  a  certain  truth,  that  a  diminution  is  produced  in 
the  quantity  of  heat  contained  in  the  air,  and  an  incrcafe 
in  it  contained  in  the  blood,  by  refpiration,  it  will  not  be 
denied  that,  in  this  procefs,  heat  is  continually  paffing 
from  the  air  to  the  blood. 

To  this  may  be  added,  tiuc  as  the  blood  by  it's  impreg- 
nation with  the  inflammable  principle  has  it's  capacity  for 
heat  diminifhed,  fo,  on  the  contrary,  thofe  parts  of  the 
fyftem  from  which  it  receives  this  principle  v/ili  have 
their  capacity  for  heat  incrcafed,  aiid  will  corfcquently 
abforb  heat. 

The  capacities  of  thofe  parts  which  give  out  the  in- 
flammable principle  are  not  however  fo  changed  as  to 
abforb  all  the  elementary  fire  during  circulation;  for  then 
it  would  be  necefl'ary  to  have  recourfe  to  fome  other  caufe 
to  account  for  the  fenfible  b.eat  produced  \\\  the  circrda- 
tion  :  hence,  a  part  of  the  fire  feparated  becomes  redun- 
dant.    This  is  likewife  fupported  by  an  extcnfive  analogy ; 
Ajteiai      for  the  procefs  by  which  the  arterial  blood  is   phiogifti- 
or  p  'o-^ated  durinc;  it's  paflajre  through  the  minute  veiTels  is  fi- 
thefane     milar  to  that  by  which  purc  air  is  phlogiflicated  in  the 
ai'  iniconi-  ccmbuftion  of  oleamnous  fuhflances.     In  the  latter  pro- 
'"^i"       cefL,  the  inflammable  principie,is  feparated  from  an  earthy 
bans,  and  combined  v.ith  the  iiir;  in  the  former,  it  is  fe>- 
paratedfrom  the  putrefcent  parts  of  the  fyftem,  and  com- 
bined with  tlie  blood.     In  both  cafes,  the  capacity  of  the 
body  which  parts  with  it  is  incrcafed,  and  that  of  the  body 
which  receives  it,  diminiflied  ;  and  fince  in  combuftiona 
quantity  of  heat  becomes  redundant,  the  conclufion  is,  that 
the  fame  happens  in  circulation.     It  muft;,   however,  be 
granted,  thai  thofe  parts  of  the  fyfieni  which  communi- 
cate the  inflammable  principle  to  the  blood  have  their  ca- 
pacity incrcafed,  and  therefore  a  part  of  the  fire  feparated 
'from  the  blood  will  be  abforbed;  and   to  this  caufe  is 
perhaps  owing,  that  Icfs  heat  is  produced  bv  an  animal 
than  by  the  burning  of  a  wax  taper,  the  quantities  of  air 
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confumed  being  equal  j  for,  probably,  the  putrefcent 
juices  as  foon  as  they  have  given  the  inflammable  princi- 
ple to  the  blood  fly  ofi'in  the  form  of  infenfibie  perfpira- 
tion,  carrying  a  part  of  the  fire  detached  in  circulation  : 
the  portion  of  fire  thus  abforbed,  however,  is  not  very 
confiderable,  as  appears  from  the  quantity  jof  heat  which 
becomes  fenfible  in  the  animal  body.  It  therefore  ap- 
pears, that  the  blood  in  it's  progrefs  through  the  fyfiem  partof  the 
gives  out  the  elementary  fire  it  had  received  in  the  lungs  j^^^°"°* 
from  the  air,  a  fmall  portion  of  which  fire  is  abforbed  by 
thofe  particles  which  impart  the  principle  to  the  blood, 
and  the  reft  becomes  redundant,  or  is  converted  into 
moving  and  fenfible  heat. 

Dr.  Crawford  then  recites  the  principal  fafls  relating  Principal 
to  animal  heat  in  the  following  manner  :  bgtoLiil 

1,  He  is  of  opinion,   that  the  doftrine  juft  flated  ex- '"^'''^"^• 
plains  the  reafon  why  breathing  animals  have  a  higher 
temperature  than  thofe  which  are  not  furnifhed  with  re-  Anmafs 
fpiratory  organs  ;  for  it  has  been  proved,  that  the  former  iau-^Jfj' 
are  continually  abforbing  heat  from  the  air ;  and  it  is  pro-  ^i"*  i^^vea. 

.  .  i'.!j<t?r  tem- 

bable,  that   to  provide  an  apparatus  for  the  abforption  of  FVfue 
heat,  was  the  chief  purpofe  of  nature  in  giving  to  fo  great  rsrHtu  have 
a  part  of  the  animal  creation  a  pulmonary  fyfiem,  and  a  "'^^ 
double  circulation.     The  quantity  of  air  changed   by  a 
man  in  a  minute  is   found  by  experiment  to  be  equal  to    I 
that  altered  by  a  candle  in  the  iame  fpace  of  timej  and 
hence  a  man  is  continually  deriving  as  much  heat  from 
the  air  as  is  produced  by  the  burning  of  a  candle.     Na- 
turalifts  have  remarked,  that  the  cold  animals  have  alfo  ! 
the  power  of  keeping  themfclves  at  a  temperature  fome- 
what  higher  than  the  furrounding  medium.     It  is  proba- 
ble thai  in  thefe  animals  the  aliment  contains  more  abfo-  I 
kite  heat  than  the  blood  ;  for,  as  the  blood  during:  it's 
paflage  through  the  capillary  veflels  has  it's  capacity  di~  \ 
niinithed,  and  hence  'a  obliged  to  give  out  a  part  of  it's 
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abfolutc  heat,  the  fourcc  frowi  wliicb  it  is  again  fupplicd, 
thefe  animals   having  no  King.s  and  confcquently  a  want 
of  refpiration,  is  perhaps  the  aliment. 
Thepro-  o.  From   the   experiments  of  Dr.    Fordvce  made   in 

colli  iiuhe  heated  rooms,-  it  appears  that  the  animal  body  has,  in  cer- 
fcody!"  *^'^  fituations,  the'pywer  of  pvodu^ing  cold,  or  of  keeping 
itfelf  at  a  lower  tempera  tint:  than  the  furrounding  me- 
dium. This  could  not  arife  foltiv  from  evaporation  from 
the  furface,  as  fome  have  fuppofed-,  as  the  Doilor  re- 
mained in  moiftviir  heated  to  ISO  for  1.3  minutes,  when 
the  thermometer  ftood  at  100  under  his  toni^^ue,  and 
ftreams  of  moifture  ran  from  his  whole  body,  from  the 
condenfation  of  vapour,  as  appears  from  a  fimilar  con- 
denfation  on  the  furface  of  a  Florentine  flafk  filled  with 
water  at  100.  He  found  a  dog  coulfl  live  without  much 
inconvenience  a  confidcrable  time  in  air  at  260,  the  body 
of  the  animal  being  never  raifed  more  than  two  degrees 
above  the  natural  ftandard.  That  this  generation  of  cold 
does  not  arife  folely  from  evaporation,  appears  from  fome 
experiments  made  by  Dr.  Crawford  upon  living  and  dead 
frogs.  A  living  and  dead  frog,  equally  moid  and  nearly 
of  the  fame  bulk,  the  former  being  at  67,  the  latter  at  68, 
were  laid  upon  flannel  in  air  raifed  to  106.  Two  fenfible 
thermometers  were  placed  in  conta£l  with  the  fkin  under 
the  axillae,  and  the  order  of  cooling  was  obferved  for  25 
minutes. 

Minutes.  Air. 

In       1  


Dead  Frog. 

Living  Frog. 
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The  thermometers  being  introduced  into  the  ftomach, 
the  internal  heat  was  found  to  be  the  fame  with  that  at 
the  furface.  Hence  the  living  frog  acquired  heat  more 
flowly  than  the  dead  one.     A  living  and  dead  frog  were 
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taken  at  75,  and  immerfed  in  water  at  93,  the  living  frog 
being  placed  in  fuch  a  fituation  as  not  to  interrupt  refpi- 
ration. 

Minute.  Dead  Frog.  Living  Frog. 

In        1  85  81 

2  88^  85 

3  90^  87 

5  91^  89 

6  91i^  89 
8                          91-1                   .     89 

Since  therefore  living  frogs  have  the  power  of  pro- 
ducing cold  in  warm  water,  as  well  as  in  warm  air ;  and 
fince  the  human  body  has  the  fame  power  in  a  moid  as 
well  as  in  a  dry  air ;  we  may  conclude  that  this  power 
does  not  folely  depend  upon  evaporation.     Dr.  Crawford 
therefore  explains  it  as  follows  : — It  appears  from  experi- 
ment that  the  capacity  of  the  blood  for  containing  heat  is 
fo  much  increafed  in  the  lungs,   that  if  it's  temperature 
were  not  fupported  by  the  heat  feparated  from  the  air  in 
refpiration,  or  the   parts  adjacent,  it  would  fink  200  de- 
grees.   Hence,  if  evaporation  from  the  lungs  be  fo  much 
increafed  as  to  carry  off  all  the  heat  detached  from  the  air, 
the  arterial  blood,  when  it  returns  by  the  pulmonary  vein, 
will  have  it's  fenfible  heat  greatly  dimlniflied,  and  will 
confequently  abforb  heat  from  the  veffels  in  contaft  with 
it  and  the  neighbouring  parts.     The  heat  thus  abforbed 
in  the  greater  veflels  will    again  be  extricated  in  the  ca- 
pillaries, where  the  blood  receives  a  frefli  addition  of  the 
inflammable  principle.     If  in  this  cafe  the  blood,  during 
each  revolution,  were  to  be  equally  impregnated  with  it, 
the  whole  effedl  of  the  above  procefs  would  be  to  cool 
the  fvftem  at  the  centre,  and  convey  the  heat  to  that  part 
of  the  body  where  it  can  be  inftantly  carried  off  by  eva- 
poration. But  it  appears  that,  when  an  animal  is  placed  in 
a  heated  medium,  the  blood  is  lefs  impregnated  j  for  the 
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venous  blood  in  llils-  cafe  becomes  gradually^aler  and 
paler,  till  it  is  nearly  like  arterial ;  and  it  is  proved  by 
Dr.  Prieftley,  that  the  livid  colour  depends  upon  combin- 
ing with  the  inflammable  principle  in  the  minute  vcirels. 
Since,  therefore,  in  a  heated  medium,  it  does  not  afliime 
the  fame  livid  hue,  we  may  conclude  it  does  not  take  in 
an  equal  quantity  of  the  phlogiflic  principle;  and  this 
conclufion  is  confirmed  by  experiments,  which  prove  that 
the  quantity  of  air  an  animal  phlogifticates,  in  a  given 
time,  in  a  warm  medium,  is  lefs  than  in  a  cold  medium. 
It  follows,  from  ihcfe  fa6ts,  that  the  quantity  of  heat 
given  by  the  blood  in  the  capillaries  will  not  equal  what  it 
had  abforbed  in  the  greater  vefTtls,  or  pofitive  cold  will  be 
produced.  For  example  : — If  the  blood  in  pafling  to  the 
capillaries  abforb  from  the  greater  veflels  a  quanlitj-  of 
heat  as  200,  and  if,  from  not  receiving  a  lefs  impregnation 
of  the  phlogillic  principle  than  formerly,  it  give  oft' at  the 
extreme  veflels  a  quantity  of  heat  only  as  130,  a  degree 
of  refrigeration  will  be  produced  as  30  ;  and  this  refrigera- 
ting caufe  will  continue  to  a6l  while  the  colour  of  the 
venous  is  approaching  the  arterial,  till  it  comes  the  nearell 
poffible ;  after  which  it  will  ceafe  to  operate.  Thus,  when 
janimals  are  placed  in  a  warm  medium,  the  fame  proccfs 
which  formerly  fupplied  them  with  heat  becomes  for  a 
time  the  inftrument  of  producing  cold,  and  probably  pre- 
ferves  them  from  fuch  rapid  alterations  of  temperature  as 
might  prove  fatal  to  life.  Upon  the  vi'hole,  the  increafed 
evaporation  from  the  furfacc,  and  the  diminution  of  that 
power  by  which  the  blood  in  it's  natural  ftate  is  im- 
pregnated with  the  phlogiftic  principle,  feem  to  be  the 
great  caufcs  on  which  the  refrigeration  depends.  By  the 
firft  the  animal  is  cooler  at  the  furfacc,  and  by  the  fecond 
an  accumulation  of  heat  at  the  centre  is  obviated. 

The  power  which  animals  poucfs  of  cooling  thenifelves 
at  the  centre^  when  placed  in  a  medium  above  their  natu-  - 
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ral  heat,  feems  peculiarly  neceflary  to  preferve  life.  For, 
as  the  heat  received  at  thefurfaceis  fpeedily,  in  fuch  cafes, 
carried  towards  the  internal  parts  by  the  reflux  of  the 
heated  fluids,  if  it  were  not  abforbed  and  rendered  infen- 
fible  by  the  change  of  the  blood  in  the  lungs,  the  central 
heat  would  probably  foon  be  fo  increafed  as  to  defl:roy 
the  vital  principle. 

3.  The  reafon  is  now  evident  why  animals  preferve  an  The  equal 
equal  temperature  during  the  great  variations  of  the  heat  tum"f' 
of  the  atmofphere,  arifing  from  the  changes  of  weather  ^"'"'*^^- 
and  difference  of  feafon  and  climate. 

From  experiments  in  proof  of  the  fourth  propofitlon 
it  appears,  that  in  refpiration  the  difference  between  the 
purity  of  the  inhaled  and  expired  air  is  increafed  by  ex- 
pofing  the  animal  to  cold  ;  and  likewife  the  difference  be- 
tween the  colour  of  the  arterial  and  venous  blood  is  aug- 
mented from  the  fame  caufe.  But  the  quantity  of  fire  fe- 
parated  from  the  air  muft  be  in  proportion  to  thefe  dif- 
ferences. For,  as  the  extrication  of  heat  from  that  element 
is  produced  by  it's  phlogiftication,  the  more  completely  a 
given  portion  of  air  is  phlogifticated,  the  greater  will  be 
the  quantity  of  heat  detached  from  it.  The  fame  with  re- 
fpe6tto  the  phlogiftication  of  the  blood.  It  follows,  as  foon 
as  by  expofure  to  cold  an  unufual  dlflipation  of  the  vital 
heat  is  produced,  the  blood  will  begin  to  be  more  deeply, 
phlogiflicated ;  hence  will  give  more  of  it  to  the  air,  and 
in  return  get  a  greater  portion  of  fire.  In  fummer  the 
reverfe  will  take  place  5  the  air  will  be  lefs  tainted  by  re- 
fpiration, a  fmaller  portion  of  the  phlogiftic  principle  will 
be  attracted  by  the  blood,  and  the  quantity  of  fire  abforbed 
will  be  proportionably  diminifhed.  Hence  the  heating 
and  cooling  powers  in  the  animal  body  are  fo  adjufted  to 
each  other,  as  to  produce  an  equal  effe6t  y  and  confequently 
the  law  by  which  animals  maintain  an  uniform  tempera- 
ture is  fimilar  to  that  by  which  the  temperatures  of  bodies 
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become  fixed  when  they  have  arrived  at  the  mehing  or 
freezing  points.  When  freezing  water,  for  example,  is 
expofed  to  a  cold  atmofphLTC,  the  quantity  of  elementary 
fire  carried  off  by  the  furrounding  air  is  precifely  ba- 
lanced by  what  is  extricated  from  the  water  at  the  moment 
of  congelation.  In  like  manner,  when  an  animal  is  ex- 
pofed to  a  cold  atmofphere,  the  quantity  of  heat  carried 
off  by  the  circumambient  medium  is  balanced  bv  wliat  is 
detached  from  the  blood  in  circulation.  On  the  contrary, 
when  ice  is  placed  in  a  warm  atmofphere,  the  whole  of 
the  heat  it  receives  is  rendered  infenfible;  and  it  has  been 
fhown,  that  when  an  animal  is  ])laced  in  a  warm  medium, 
a  fimilar  extin6tion  of  the  heat  takes  place. 

Hence  the  power  animals  poffefs  of  generating  heat  is 
in  ail  cafes  proportioned  to  the  demand.  It  is  increafed 
by  the  winter  colds,  diminiflied  bv  the  fummer  heats,  and 
is  totally  fufpended,  or  converted  into  a  contrary  power, 
as  the  exigencies  of  the  animal  may  require. 

As  the  quantity  of  air  an  animal  phlogifticates  in  a 
warm  medium  is  not  fo  great  as  in  a  cold  one,  it  follows, 
that  in  countries  between  the  tropics  the  air  will  be  lefs 
contaminated,  ceteris  paribus,  bv  the  refpiration  of  ani- 
mals than  in  the  temperate  and  frigid  zones;  and  the  dif- 
ference is  confiderable,  if  we  rccollcc!^  that  the  phlogifti- 
cation  of  a  given  quantity  of  air  by  an  animal  at  the  tem- 
perature of  50,  was  found  to  be  twice  as  great  as  that 
jproduced  by  the  fame  animal  in  an  equal  time  at  100. 
In  thofe  parts  of  the  earth,  therefore,  in  which  the  con- 
tamination of  the  air  is  increafed  bv  the  influence  of  heat 
wpon  dead  an\m3.\  fubftances,  that  element  fuftains  lefs  in- 
jury from  the  refpiration  of //z;/«^  animals. 
i^hot"iir^'  4.  Amongdifferentanimals,  thofe  are  the  hotteft  which 
propurtii.n   breathe  the  c;reai eft  quantitv  of  air  in  proportion  to  their 

to  tilt'  air  lie  ^  \  _       . 

brt"«tiitsm  bulk  J  and   in  the   fame  animal  the  degree  of  heat  is  m 
lime.^"       ibme  meafure  proportionable  to  the  quantity  of  air  inhaled 
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in  a  given  time.  Hence  in  exercifej  by  the  action  of  the 
niufcles,  the  venous  blood  is  returned  from  the  extre- 
mities, in  greater  quantities  than  ufual,  to  the  right  auri- 
cle of  the  heart.  Bv  the  aftion  of  the  heart  it  is  deter- 
mined to  the  hmgs.  Tlie  refpiration  is  accelerated,  the 
velocity  of  circulation  increafcd,  and  hence  a  proportion- 
able increafe  in  the  quantity  of  heat  abforbed.  The  cold 
flase  of  fevers  is  preceded  by  languor,  and  a  dimlnulio'i 
in  the  aftion  of  the  heart  and  arteries.  The  refpiration  is 
fmall,  the  quantity  of  blood  which  paiTes  through  the 
lungs  in  a  given  time  is  ciminifhed;  and  hence  lefs  phlo- 
gifton  will  be  difdharged  from  the  blood,  and  confequcntly 
kfs  heat  feparated  from  the  air.  In  putrid  fevers,  as  the 
folid  and  fluid  parts  of  the  fyllem  are  in  a  putrefcent  flate, 
and  confequcntly  retain  the  principle  of  inflammability 
with  lefs  force,  a  greater  quantity  of  this  principle  will 
be  difcharged  from  the  lungs,  the  air  will  be  more  copi- 
Gufly  fupplied  with  it  in  the  procefs  of  refpiration,  and 
will,  therefore,  impart  to  the  blood  a  greater  proportion 
of  it's  ablolute  heat.  To  thefe  caufes  it  is  probably  owing, 
that  the  heat  of  the  human  body  never  rifes  fo  high  as  in 
putrid  fevers. 

5.  Topical  inflammation  is  accompanied  with  rednefs,  Thein- 
tumour,  and  unufual  heat.     From  the  throbbing  of  the  [^g^^j^^"^ 
vefl^els,  and  from  microfcopical  obfervations,  it  appears '°P''' '•''"- 

flammiit'ion., 

that  the  velocity  of  the  blood  through  the  part  inflamed  is 
accelerated.  Hence  the  blood  is  more  copioufly  fupplied 
with  phlogiflon,  and  a  greater  quantity  of  heat  will  there- 
fore be  extricated  in  a  given  time.  This  heat  will  fl;imu- 
late  the  veflTels  into  more  frequent  and  forcible  contrac- 
tions, by  which  the  velocity  of  the  blood,  and  the  confe- 
qucnt  extrication  of  heat,  will  be  ftill  further  incrcafed. 
It  is  on  this  principle  that,  according  to  Dr.  Crawford,  we 
may  perhaps  account  for  the  partial  heats  produced  by 
topical  inflammations,  and  for  thofe  in  he6lic  and  nervous 

H2 


100  ,  riFE. 

dlfeafes.  Heat  in  topical  inflammations  is  accumulated 
by  the  increafed  velocity  of  the  blood  through  the  part 
inflamed,  in  the  fame  manner  as  it  is  accumulated  upon 
the  fuel  in  combuftion  by  dire6ling  a  ftream  of  frefli  air 
into  the  fire. 
Several  Mavow  has  already  been  confidered  as  the  firft  amongft 

conje<flures  -'  .         ^  ° 

that  ri-fpira- the  modem  philofophers,  who  fliowed  the  caufe  of 
combuftion  combuftion  and  refpiration  to  be  the  fame.  It  however 
ante  tram  appg^rs  that  feveral  had  preceded  him,  if  not  in  experi- 
caui'e.  mcntj  at  leafl:  in  conjecture.  Something  was  fnppofcd  to 
exift  in  the  air,  equally  neceffary  to  refpiration  andcom- 
bufl:ion,  fo  early  as  the  beginning  of  the  feventeenth  cen- 
cury.  Pegclius,  in  a  book  entitled  Thefaurus  Rerum 
fele6larum,  magnarum,  dignarum,  utilium,  fuavium,  pro 
Generis  humani  Salute  oblatus,  Au6l.  Magno  Pegelio, 
1604,  fays,  ^' qnod  aer  refpiratione  attraSius,  corpus  to- 
**  tum  fubintret,  et  motum  continue  cum  vita  reftituat 
'^  et  fuftentet,  et  illud  quod  hinc  continue  cxtcrius  de- 
*'  fluit  et  quod  per  os  iterum  ex  interioribus  ftu  ex  toto 
'^  egredllur,  refl:ituatet  fubimpleat;  non  fecus  quam /g-«/x 
"  ex  aere  attra£lo  et  corpora  excalefacla  ct  ardentia  pcne- 
*'  tranic  fubindegeneratur  ct  fie  alitur."  We  are  inform- 
ed by  Dr.  Thornton  that  Hooke,  in  his  Micrographla 
printed  in  Nov.  1664,  had  made  fome  difcoveries  relative 
to  the  ufe  of  air  in  combuftion  and  refpiration,  by  which 
he  preceded  Mayow  nearly  four  years ;  *'  the  air  beinfr 
**  a  fubjetSl,"  fays  Hooke,  '^  which  (although  all  the 
"  world  has  hitherto  lived  and  breathed  in,  and  been  con- 
'*  verfant  about)  has  yet  been  fo  little  explained,  that  a 
"  diligent  inquirer  will  be  able  to  find  but  very  little  in- 
**  formation  from  what  has  been  (till  of  late)  written  upon 
"  it ;  but  being  once  well  unclerfi:ood,  it  will,  I  doubt  not, 
'*  enable  a  man  to  render  an  intelligible,  nay,  probable, 
**  if  not  the  true  reafon  of  all  the  phenomena  of  fij-e, 
*'  which,  as  it  has  beeii  found  by  writers  and  philofopher* 
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^^  of  ail  ages,  a  matter  of  no  fmall  difficulty,,  as  may  be 
^'  fufficiently  underflood  by  their  flrange  hypothefes  and 
^^  unintelligible  folutions  of  feme  few  phenomena  of  it  | 
*'  fowill  it  prove  a  matter  of  no  fmall  concern  and  ufein 
ff  human  affairs,  when  I  come  to  fhovv  the  ufe  o?  air  in 
*«  refpiration,  and  for  the  prefervation  of  the  life;  nay, 
*'  for  the  confervatiori  and  reftoration  of  the  health  and 
*f  natural  conftitution  of  mankind,  as  well  as  all  other 
"  aerial  animals j  as  alfo  the  ufes  of  this  principle  or 
*^  property  of  the  air  in  chymical,  mechanical,  and  other 
'^  operations." 

A  third  inftance  of  the  procefs  of  refpiration  having 
been  compared  to  combuflion,  is  in  the  colle6lion  of 
Wedel,  publifhed  at  Jena  in  1 686  j  the  title  is,  "  G.  W. 
WedelExeroltat.Med.Phyfiol.  Sec.  Jena,  1686,"  in  which 
is  a  differtatlon,  '^Von  der  thierifchen  Waerme,  Nutzen 
des  Athemholers,  &c.  j"  and  finally,  this  refemblancc 
was  obferved  by  Dr.  Black. 

It  appears,  therefore,  that  the  fimllarity  between  com-* 
buftion  and  refpiration,  or  that  the  principle  was  the  fame 
that  was  confumed  in  both,  had  already  been  noticed,  al- 
though in  a  vague  manner ;  but  the  properties  and  nature 
of  this  caufe,  which  exifts  in  the  atmofpherej  had  efcaped 
their  obfervation  j  and  hence  the  moft  neceffary  part  of 
the  funftion  of  refpiration  was  unknown  |  for,  before  any 
real  light  could  be  thrown  upon  this  obfcure  fubjeft^ 
feveral  fa61:s  were  neceflary  to  be  acknowkdged. 

ift.  That  caloric  (matter  of  heat)  is  a  conftituent  part 
of  fluids,  arid  that  it  is  to  this  principle  they  owe  their 
expanfibility,  their  elafticit}^,  and  feveral  other  propertied 
we  know  they  poffefs. 

2d.  That  the  atmefpheric  air  is  compofed  of  two  aer!-* 
form  fluids,  /.  e.  of  about  one  fourth  part  of  vital  aifj 
and  three  fourths  of  azot  gas. 

3d,  That  the  bafis  of  vital  air,  oxygen,  is  a  prlnclpk 
U  3 
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common  to  all  acidsj  and  that  il  is  this  which  conftltuteg 
their  acidity. 

4th.  That  carbonic  acid  gas  (fixed  air)  is  the  refultof 
the  combination  of  about  72  parts  in  weight  of  oxygen, 
and  of  28  parts  of  carbon  (pure  charcoal). 

5th.  That  lefs  caloric  enters  into  the  compofition  of  a 
given  volume  of  carbonic  acid  gas,  than  of  an  equal  volume 
ofvitalairj  and  that  it  is  on  this  account  that  caloric 
is  difengaged  during  the  combuftion  of  carbon,  i.  e.  dur- 
ing the  converfion  of  vital  air  into  carbonic  acid  gas  by 
the  addition  of  carbon. 

6th,  Laftly,  that  water  is  not  an  element,  nor  a  (imple 
fubftance,  as  the  ancients  fuppofcd,  but  that  it  is  com- 
pofed  of  14.338  parts  of  oxygen,  and  of  S5.668  parts  of 
hydrogen. 

Thefe  fa^ls  being  eftablifhed,  a  great  deal  was  done  in 
the  explication  of  the  produ6lion  of  animal  heat. 

From  the  fuppofition  of  the  Stahlians,  air  was  phlo- 
gifticated  by  refpiration  as  well  as  by  combuftion ;  but 
Lavoifier  announced  in  1777?  in  a  memoir  read  to  the 
Academy,  that  refpiration  was  a  flow  combuftion  of  a 
portion  of  carbon  which  the  blood  contains,  and  that  ani- 
mal heat  is  caufed  by  a  portion  of  the  caloric  that  is  dif- 
engaged  at  the  moment  of  the  converfion  of  the  vital  air 
of  the  atmofphere  into  carbonic  acid  gas,  as  happens  in 
the  combuftion  of  charcoal  ;  but  he  oflered  it  only  as  a 
very  probable  conjecture  :  whilft  Crawford,  who  had  dif- 
covered  the  caufe  of  it  nearly  at  the  fame  time  as  Lavoi- 
fier,  and  in  the  fame  year,  publithed  his  very  interefting 
work  in  1779,  in  which  he  collected  a  number  of  experi- 
ments to  realize  this  fufpicion.  In  1788  a  very  enlarged 
edition  of  (his  work  appeared,  from  which  the  account 
given  of  his  dodrine  is  taken,  and  from  which  it  feems 
tliat  Dr.  Crawford  ably  fupports  the  phlogiftic  fyftem. 

The  experiments  which  Lavoifier    and  de  la  Place 
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publiflied  in   1780  confirm   the  opinion   the  firft  chemirt: 
had  conceived,  and  totally  overturned  the  theory  of  phlo- 
gifton.     To  determine  the  effefts  of  refpiration  and  com-  EfF('<^s  of 
buftion  upon  air,  thefe  two  chemifts  introduced  a  guinea-  anffcom- 
pm  under  a  glafs  veffel  containing  248.01  inches  of  pure  ^•'^"'"   , 

^  ,  ,  compared 

air,  and  let  it  remain  there  an  hour  and  a  quarter.  After  byLavoifKc 
having  taken  away  this  animal,  bymaking  it  pafs  through  piact. 
the  mercury,  and  left  the  interior  air  to  become  of  the 
temperature  of  the  atmofphere,  it  was  reduced  to  240<25 
inches.  Having  afterwards  abforbed  the  fixed  air  by 
cauftic  alkali,  there  remained  200.56  inches  of  air.  In 
this  experiment,  therefore,  there  were  46.62  inches  of 
pure  air  changed,  and  37.96  inches  of  fixed  air  produced, 
making  an  allowance  for  the  fmall  quantity  of  fixed  air 
contained  in  the  pure  air  of  the  veffel.  Now  of  the  vo- 
lume of  pure  air  thus  changed,  0.814  will  be  it's  volume 
diminiflied  by  refpiration ;  whiUl  in  the  combuftion  of 
charcoal  the  volume  of  air  is  diminilhed  in  the  ratio  of  1 
to  0. 74828.  This  difference  may  in  fome  degree  arife 
from  the  difference  of  meafure,  but  perhaps  more  fo  fror» 
letting  a  httle  of  the  exterior  air  penetrate  into  the  veflel 
on  introducing  the  animal. 

The  weight  of  the  fixed  air  produced  in  the  above  ex- 
periment is  26.572  grains;  from  which  it  follows,  that 
in  the  fpace  of  ten  hours  the  animal  would  have  produced 
212.576  grains  of  fixed  air. 

On  determining  the  quantity  of  fixed  air  produced  by  a 
guinea-pig  in  common  atmofpherical  air,  it  was  found  to 
amount  to  236.667  grains  in  ten  hours  j  which  differs 
about  one  ninth  from  the  preceding  experiment,  arifing 
probably  from  the  difference  of  fize  in  the  two  animals. 

A  third  experiment,  made  upon  a  guinea-pig  in  dephlo- 
gifticated  air,  afforded  226  grains  of  fixed  air  in  ten 
hours. 

On  taking  the  medium  of  thefe  experiments,  and  fome 
H4        . 


others  made  by  thefe  chemifts>  both  in  dephloglfticated 
and  atmofpherical  airs,  it  appears  that  the  quantity  of 
fixed  air  generated  by  the  refpiration  of  the  guinea-pig  in 
ten  hours  amounts  to  224  grains.  Since  thefe  experi- 
ments were  made  at  a  temperature  of  14  or  15  degrees^ 
thefe  chemifts  think  it  poflible  that  the  quantity  of  fixed 
air  may  be  fomewhat  lefs  than  at  a  temperature  of  zero, 
which  was  that  of  the  interior  part  of  the  veflTels :  hence, 
to  be  more  cxaft,  the  produ6ls  of  fixed  air  ought  to  be 
determined  at  this  laft  temperature.  Having  proved,  by 
experiment,  that  in  the  combuftion  of  charcoal  the  for- 
mation of  one  ounce  of  fixed  air  is  able  to  melt  26.692 
ounces  of  ice,  it  follows  that  the  formation  of  224  grains 
of  fixed  air  ought  to  melt  10.38  ounces.  Confequently 
this  quantity  of  melted  ice  reprefents  the  heat  produced 
by  the  refpiration  of  a  guinea-pig  during  ten  hours. 

In  the  experiment  on  the  animal  heat  of  a  guinea-pig, 
it  was  taken  from  under  the  glafs  veflel  nearly  of  the  fam« 
heat  vi'ith  which  it  was  introduced  ;  for  it  is  well  known 
that  the  interior  heat  of  animals  is  always  nearly  the 
fame,  but,  wilhout  a  continual  renewal  of  this  heat,  what 
it  poflefled  at  firft  would  be  entirely  diflipated,  like  that  of 
n  inanimate  body:  this  heat  therefore  which  it  commu- 
nicates to  the  furrounding  fubftances,  and  which  in  this 
experiment  was  communicated  to  fome  ice  placed  undei* 
-^  the   veflel,  of  which   it   melted    in   ten  hours   thirteen 

ounces,  is  renewed  by  it's  vital  funftions.  This  quantity  of 
melted  ice  reprefents,  therefore,  nearly  the  heat  renewed 
in  that  fpace  of  time  by  refpiration.  Perhaps  It  may  be 
necellary  to  fubtra6l  a  couple  of  ounces  or  more,  fince* 
the  extremities  of  the  body  of  the  animal  became  cooled 
in  the  veflel,  although  the  interior  of  the  body  preferved 
nearly  the  fame  temperature  :  befidcs,  the  humours  eva- 
porated by. it's  internal  heal  melted,  on  cooling,  a  fmalJ 
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tjuantity  of  ice,  and  united  with  the  water  which  ran 
from  the  veflel. 

On  deducting,  therefore,  about  two  ounces  and  a  hali 
from  this  quantity  of  ice,  the  remainder  will  be  the  quan- 
tity melted  by  the  refpiration  of  the  animal;  and  il"  the 
crrours  which  are  inevitable  in  fuch  experiments  be  confi- 
dered,  perhaps  a  more  perfect  coincidence  between  thefe 
refults  cannot  be  expefted. 

Hence,  according  to  thefe  chemifts,  the  heat  difengaged 
durina;  the  converfion  of  pure  into  fixed  air  by  refpira- 
tion may  be  conCdercd  as  the  principal  caufe  of  the  pre- 
fervation  of  animal  heat ;  and  if  other  caufes  concur  in 
it's  fupport,  their  efTeft  is  inconfiderable. 

From  thefe  experiments  thef^  chemifts  conclude  that 
refpiration  is  a  combuftion,  which,  although  very  flow,  Refpiration 
is  perfedlly  fimilar  to  that  of  charcoal ;  that  it  takes  place  combuftL-. 
in  the  interior  part  of  the  lungs  without  difengaging  any 
fenfible  light,  becaufe  the  matter  of  fire,  become  free,  is 
Immediately  abforbed  by  the  humidity  of  thefe  organs; 
that  the  heat  thus  extricated  in  this  combuftion  is  com- 
municated to  the  blood  which  traverfes  the  lungs,  and  is 
from  thence  diftributed  all  over  the  fyftem.  Hence  the 
air  we  breathe  ferves  two  purpofes  equally  necelTary  to 
our  prefervation — it  takes  from  the  blood  the  bafis  of  the 
fixed  air,  the  fuperabundance  of  which  would  be  hurtful; 
and  the  heat  depofited  in  the  lungs  by  this  combination 
repairs  the  continual  lofs  of  heat  brought  about  by  the 
atmofphere  and  furrounding  bodies. 

Animal  heat  is  nearly  the  fame  in  all  parts  of  the  bodv ; 
which  effect  appears  to  depend  on  the  three  following 

Caufes  of 
eaules  i  ihe  equalJt)- 

1  ft.  The  rapidity  of  the  circulation  of  the  blood,  which  i/^'"'™*^ 
tranfmits  immediately,  even  to  the  extremities  of  the  body_, 
the  heat  it  receives  in  the  luniks. 
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fid.  The  evaporation  produced  by  the  heat  in  thefe 
organs,  and  which  diminifhes  the  degree  of  their  tem- 
perature. 

3d.  The  augmentation  obferved  in  the  fpecific  heat  of 
tlie  Mood,  when  it  is  deprived  of  tlie  bafis  of  fixed  air  it 
contains  by  the  contadl  of  the  pure  air :  hence,  a  part  of 
the  fpecific  heat  developed  in  the  formation  of  tLe  fixed 
air  is  abforbed  by  the  blood,  it's  temperature  remaining 
.always  the  fame  ;  but  when  in  the  circulation  the  blood 
comes  to  receive  again  this  bafis  of  fixed  air,  it's  fpecific 
heat  dimmifhes,  and  fome  heat  is  extricated  ;  and  as  this 
combination  is  made  in  all  parts  of  the  body,  the  heat  it 
produces  contributes  to  fupport  the  temperature  of  the 
parts  diftant  from  the  lungs  nearly  at  the  fame  degree  as 
that  of  thefe  organs.  From  this  way  of  reafoning  the 
chcmiils  eflablifh  the  following  propofitions  : 

When  an  animal  is  in  a  permanent  and  tranquil  ftate, 
when  it  is  able  to  live  a  confiderable  time  without  fuf- 
fering  in  the  medium  that  furrounds  it  r  in  general,  when 
the  circumftances  in  which  it  is  do  not  fenfibly  change 
it's  blood  and  humours,  fo  that  the  animal  fyftem  after 
feveral  hours  undergoes  no  fenfible  variation,  the  prefer- 
vation  of  the  animal  heat  is  owing,  at  leaft  in  great  part, 
to  the  heat  produced  bv  the  combination  of  the  pure  air 
refpired  by  animals  with  the  bafis  of  the  fixed  air  fur- 
niflied  by  the  blood. 

Hence,  on  comparing  the  heat  difengagcd  by  the  com- 
buftion  of  charcoal  with  the  quantity  of  fixed  air  formed 
during  this  combuftion,  the  heat  developed  in  the  forma- 
tion of  a  eiven  quantity  of  fixed  air  is  obtained  :  if,  then, 
the  quantity  of  fixed  air  produced  by  an  animal  in  a 
given  time  be  determined,  the  refult  will  be  the  heat  arif- 
ing  from  the  a£lion  of  it's  refpiration  on  the  air;  and  it 
only  remains  to  compare  this  heat  with  that  which  fup- 
ports  it's  animal  heat,  and  to  meafurc  the  quantity  of  ice  it 
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inelts  ill  the  intcrloi'  of  the  vellel :  and  if,  as  has  been 
found  by  the  preceding  experimeutSj  thefe  two  quantities 
of  heat  are  nearly  the  fame,  it  may  be  concluded  that  it 
is  to  the  change  of  pure  into  fixed  air  by  refpiration  that 
the  prefervation  of  animal  heat  is  owing,  at  lead  for  the 
moft  part. 

In  refpiration,  as  in  combuftion,  it  is  the  air  of  the  at* 
mofphere  that  furniflies  the  oxygen  and  the  caloric  ;  bur 
as  in  refpiration  it  is  the  fubftance  even  of  the  animal, 
the  blood,  which   furnifties  the  combuftible  part,  if  anf- 
mals  did  not  habitually  repair  by  nouriflimcnt  what  they 
lofe  by  refpiration,  the  oil  would  foon  be  wanting  to  the 
lamp,  and  the  animal  would  perifli  like  an  extinguilhed 
candle.    There  are  even  inftances  cited  by  authors  of  this 
combuftion  being  fo  rapid  as  to  coiifume  the  greater  part 
of  the  body.    Thus  a  female  defcribed  by  Wilmer,  or  the  ^    ^    ,._ 
inflammable  woman  of  Coventry ;   the  countefs  Cornelia  ^v  *^^^^^ 
Bandi,   near  Cefena,    in  Romagna ;  another,woman  at  animal 
Chriil-church,  in  Hampfliire ;  and  Grace  Pots,  at  Ipf-  ^'''^''"ft''^"- 
wich;  were  confumed  by  an  internal  fire,  fo  eager  were 
the  principles  of  which  they  were  compofed  to  combine, 
as  Dr.  Beddoes  fays,  with  oxygen.     Thefe  remarkable 
indances,  however,   of  quick  combuftion  carried  on  in 
the  body  are  very  rare. 

The  proofs  therefore  of  this  identity  of  cffe^Sls  between 
refpiration  and  combi.i{lion  are  taken  immediately  from 
experience.  Indeed,  the  air  that  has  been  refpired  no 
longer  contains,  at  it's  departure  from  the  lungs,  the  fame 
quantity  of  oxygon ;  it  contains  not  only  carbonic  acid 
gas,  but  likewife  much  more  water  than  it  did  before  in- 
fpiration.  Now,  fince  vital  air  cannot  be  converted  into 
carbonic  acid  gas  without  the  addition  of  carbon,  or  into 
water  without  hydrogen ;  and  fince  this  double  combina- 
tion cannot  take  place  without  the  vital  air  lofing  a  part 
of  it's  fpeclfic  heat,  the  confequence  ic^  that  the  efie6t  of 
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rcfplration  is  to  extra(Sl  a  portion  of  hydrogen  and  carbori 
tVoin  the  blood,  and  to  dcpofit  in  their  place  a  portion  of 
it's  rpecific  caloric,  which  during  circulation  is  diflributcd 
with  the  blood  into  all  parts  of  the  animal  ceconomy,  and 
I'uftains  that  temperature  obferved  in  all  rcfpiring  animals, 
and  which,  if  nothing  extraordinary  happen,  is  nearly 
conftant.  It  mav  therefore  be  faid  with  the  ancient  poets, 
that  the  torch  of  life  is  lighted  the  moment  the  infant 
breathes ;  a  gentle  combuflion,  produ6live  of  the  vital 
vEx-peri-       -fiamc,  which  is  only  exlinffuifhed  by  death.    Since,  dur- 

mcntsofSe-  ...  . 

guin  and      ing  rcfpiratlon,  a  great  quantity  of  carbon  and  hydrogen 
fcciermine    from  the  blood  is  converted  by  uniting  with  the  oxygen  of 
the  quantity  the  air  into  carbonic  acid  o'as  and  water,  and  confeqr.cntlv 
acid  gas  and  a  great  deal  of  caloric  let  loofe  ;  Lavoifier  and  Seguin  have 
ed  fiuring     made  fome  experiments  to  endeavour  to  find  the  quantity 
^^t^iiuiion,  Q^  carbonic  acid  gas  and  water  which  is  formed  j  and  as 
there  is  an  aqueous  emanation  not  only  from  the  lungsj 
but  alfo  from  the  furface  of  the  body,  which  is  called 
perfpiratlo?:,  they  were  likewife  defirous  of  knowing  the 
quantity  extricated  from  (o  large  a  furface,  and  of  com- 
paring, as  near  as  circumftances  would  permit,  the  con- 
nexion ariilnff  between  refpiration,  perfpiration,  and  di- 
geftion.     The  invifible  vapour  or  emanation  that  takes 
place  from  the  furface  of  the  body  they  have  called  cuta- 
neoui  perfpiration;  and  that  which  is  extricated  from  the 
itmgs  at  each  cxpivH'ion, 'pu!mo)tary  perfpiration. 

San6loriu3  was  the  firft  who  undertook  to  make  expe- 

.  riments  on  the  cutaneous  perfpiration  :   for  this  purpofe 

he  placed  himfelf  in  a  chair  adapted  to  a  pair  of  fcalcs,  and 

he  determined  the  quantity  of  perfpiration  by  the  lofs  of 

weight  he  experienced. 

Before  his  time,  nothing  but  conje6lure  determined  the 
effe£ls  of  this  cutaneous  funftion  ;  and  although  this  phi- 
lofopher  was  the  firft  experimental  inquirer  on  the  fub- 
jcil,  many  things  were  wanting  to  make  him  fuccefsfuJ. 
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The  phenomena  of  refpiration,  and  the  formation  of 
water  and  carbonic  acid  which  accompanies  it — the  two 
fpecies  of  evaporation^  one  of  which  is  efFeded  by  foki' 
tion  in  the  air,  and  the  other  by  the  (imple  combination 
of  caloric  with  the  evaporated  liquor,  were  unknow-n.  It 
was  not  even  fufpe6led  that  the  principal  caufes  which 
influence  refpiration  are  the  greater  or  lefs  denlity  of  the 
air,  it's  temperature,  and  it's  degree  of  drynefs  or  humi- 
dity. San£torius,  deprived  of  thefe  preliminary  fafts', 
confounded  all  the  effe«^s  which  arofe  from  his  experi- 
ments. 

In  order  to  feparate  the  cutaneous  perfpiration,  thefe 
two  chemifts  made  ufe  of  a  garment  of  filk,  coated  with 
elallic  gum,  fo  as  to  prevent  the  air  and  humidity  from 
penetrating.  When  this  was  put  on,  if  was  tied  at  the 
top  of  the  head  by  a  ftrong  ligature,  whilft  a  tube  was 
adapted  to  the  mouth,  fo  as  not  to  let  any  air  efcape,  to 
breathe  through  :  hence,  whatever  was  refpircd  pafTed 
externally,  and  whatever  perfpired,  internally. 

By  being  weighed  on  entering  this  apparatus,  and  after 
having  departed  from  it,  the  difl'erence  gave  the  lofs  of 
weight  owing  to  the  united  effefts  of  refpiration  and  per- 
fpiration; and  by  being  weighed  a  few  inftants  after  having 
entered  and  before  departing  from  it,  the  iofs  of  weight 
owing  only  to  the  effefts  of  refpiration  was  obtained. 

The  greatefl  difficulty  which  the  chemift  had  to  con- 
tend with  was  the  feparation  of  the  produfts  of  refpira- 
tion, of  pulmonary  and  of  cutaneous  perfpiration;  for  it 
is  neceffary  to  know,  that  there  continually  oozes  into 
the  lungs  an  humour  feparated  from  the  blood,  which 
filters  throuoh  the  membranes  of  the  hins;s,  and  which 
is  compofcd  principally  of  hydrogen  and  of  carbon. 

It  is  this  humour  which,  being  greatly  divided  at  the  mo- 
ment it  comes  from  the  fmall  extremities  of  the  exhaliiig 
vellels  of  the  lungs,  is  In  part  confumed  by  decornpofing 
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the  vital  air  with  which  it  was  in  contact:,  and  forms 
during  this  comhuflion  water  and  carbonic  acid  gas.  It 
is  not  aflonifliing  that  this  coinbu(liv:n  fliould  exift  in  the 
lungs,  when  it  is  fecn  that  dung,  the  nature  of  which  ap- 
proaches much  to  that  of  blood,  burns  at  the  ordinary 
temperature  of  the  atmorj)here,  /.  c.  at  s''  cr  10°. 

Xhe  carbonic  acid  gas  therefore,  formed  during  refpira- 
tion,  being  in  a  fluid  ftate,  it  is  eafily  conceived  how  it  is 
evacuated  by  tlie  ■action  of  the  lungs  at  the  moment  of 
expiration  5  but  the  cafe  is  not  fo  with  the  water  formed 
at  the  fame  time.  It  would  foon  accumulate  in  the 
bronchia,  if  nature  had  not  tlie  moans  of  evacuating  it, 
one  of  which  is  this.  The  air  enters  cool  into  the  lunjrs ; 
it  departs  from  it  with  a  heat  nearly  equal  to  that  of  the 
blood  :  now  the  hot  air  diflblves  more  water  than  cold 
air,  and  it  is  from  this  increafe  of  caloric  that  it  carries 
awav  with  it  the  water  exiflingr  iu  the  luno>-. 

This  water  is  of  two  forts  ;  1.  that  which  oozes  witK 
the  carbonated  hydrogen,  or  the  water  of  pulmonary  per- 
fpiration,  properly  called.  2.  That  which  is  formed  by 
the  combination  of  the  oxygen  of  the  air  with  the  hydro- 
gen of  the  blood,  or  the  water  of  refpiration. 

Thefe  chemifts  were  able  to  obtain  the  refpedive  quan- 
tities of  thefe  two  portions  of  water. 

The  apparatus  they  made  ufc  of  was  fo  difpofcd  as  to 
be  able  to  meafure,  with  great  exa6titude,  the  quantity  of 
water  and  of  carbonic  acid  exhaled,  as  well  as  the  quan- 
tity of  air  before  and  after  the  experiment ;  for  it  is  eafily 
conceived,  that  being  acquainted  on  the  one  fide  with  the 
total  fum  of  the  water  come  from  the  lungs,  and  on  the 
Other,  the  quantity  of  carbonic  acid  gas  formed,  it  would 
be  eafy  to  determine,  by  a  very  fimjile  calculation,   the 
quantity   of  water   formed,    and   the   quantity  of  water 
owing  to  the  pulmonary  perfpiration.     But  in  thp  folu- 
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tion  of  this  problem,  it  is  taken  for  granted,  that  all  the 
carbonic  acid  gas  difengaged  at  each  expiration  is  formed 
in  the  lungs,  and  during  circulation. 

If  the  carbonic  acid  gas  difengaged  during  expiration 
was  in  part  the  proda6l  of  digeliion,  the  confumption  of 
vital  air  in  the  act  of  ref[>irailon  muft  be  attributed  to 
another  caufe.  The  fuppofition  muft  he,  that  more 
water  i.  formed,  either  in  the  lungs  or  during  circulation  5 
and  then  the  pulmonary  perfpiration  would  be  found  to  be 
diminiflied  by  all  the  quantity  of  water  which  muft  be 
attributed  to  this  formation;  or  it  muft  be  granted,  that  a 
part  of  the  vital  air,  being  abforbed  in  the  lungs,  unites 
during  circulation  with  fome  part  of  our  fyftem. 

The  increafe  of  mcnftrual  power,  which  the  air  ac- 
quires by  being  heated  in  the  lungs,  is  in  general  fufficient 
to  evacuate,  by  way  of  folution,  the  two  portions  of 
water  juft  mentioned  3  viz.  that  arifing  from  the  pulmo- 
nary perfpiration,  and  that  formed  bv  the  combination  of 
oxygen  and  hydrogen.  In  this  refpe^l,  nature  appears  to 
make  ufe  of  fome  very  curious  means  of  compenfation. 
If  the  quantity  of  water  which  oozes  through  the  bron- 
chial membranes  be  too  abundant ;  if  the  air  of  refpira- 
tion,  already  loaded  with  water  that  is  formed,  is  not  in 
a  ftate  to  dilTolve  it  in  fpite  of  the  efforts  of  a  more  ac- 
celerated refpiration,  and  in  fpite  of  the  increafe  of  caloric 
proceeding  from  it,  which  increafes  the  menftrual  power 
of  the  air  J  the  excefs  is  carried  back  again  into  the  cir- 
culation by  the  abforbent  veffels  of  the  lungs,  or  expec- 
torated under  another  form. 

It  is  eafy  to  conceive  how  all  thefe  caufes  muft  in- 
fluence the  phenomena  of  perfpiration  ;  that  it  is  accele- 
rated or  retarded  according  to  the  nepeftity  of  the  ma- 
chinq — that  it  ought  fometimes  to  form  more  water, 
fometimes  more  carbonic  acid  gas — that,  in  fhort,  the 
pulmonary  perfpiration  cao  be  augmented  or  diminifhed 
by  an  infinity  of  circumftances;. 
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Thefe  chemifts  found,  that  the  lofs  of  weight  of^a 
perfon  in  an  ordinary  ftate  varies  from  1 1  grs.  a  minute 
to  32;  /.  e.  in  24  hours  from  1  lb.  11  oz.  4  drs.  to  Slbs, 
comprehending  the  effects  of  cutaneous  and  pulmonary 
pcrfpiration,  and  of  refpiration.  Taking  the  medium, 
the  lofs  of  weight  is  18  grs.  per  minute  ;  and  fuppofing 
it  to  continue  uniformly,  it  will  be  1  oz.  7  drs.  an  hour, 
and  2  lbs.  13  oz.  in  24  hours. 

Ih.    oz.  drs. 

Of  thefe  2  lbs.   13  oz.  there  belong  to  7    , 

f.  ■     ■  °      J-    1      14       O 

cutaneous  perlpiration      -     -     _     _  ^ 

And  to  the  efle6ls  of  refpiration     -       -      0     15       O 


Total     -     -     2     13 


} 


On  decompofing  the  effeds  of  refpiration,  it  will  be 
found,  on  a  medium, 

1.  That  an  individual  confumes  38413  cubic  inches 
of  vital  air  in  24  hours,  /.  e.  a  little  more  than  22  cubic 
feet,  or  33  oz.  1  dr.  10  grs. 

2.  That  of  this  quantity  there  is  em- ' 
ployed  to  form  water  a  little  more  \   13  cubic  feet, 
than  »  _  _ 
And  to  form  carbonic  acid  a  little  \ 
Icfs  than             -          _  ..         j" 


22 


That  the  volume  of  carbonic  acid' 
gas,  difengaged  from  the  lungs   in/  ^^'  oz.  drs.  grs, 
24  hours,  is  14930  cubic  inches,  J^  0     5     7     © 
7.  e.  about   8  feet  6  cubic   inches 
which  are  compofcd  of  carbon    - 

oxygen     -     0  12     0     4 

ToUl     -     -     1      1      7     4 
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4.  That  the  weight  of  the  water,  formed  in  the  lungs 
in  24  hours,  amounts  to  1  lb.  7  oz.  5  drs.  20grs.,  which 
are  compofed  of 

lb.  ox.  drs.  grs. 

Hydrogen 0     3     3   10 

Oxygen .' 1     4     2   10 


Total 1     7     5  20 

5.  That  the  quantity  of  water  difengaged  ready  formed 
by  pulmonary  perfpiration,  is5oz.  5  drs.  62grs.  in  24 
hours. 

lb.  oz.  drs.  grs, 
Laftly,  That  uniting  together  the  water 
difengaged  in  24  hours,  by  cutaneous 

perfpiration,  which  amounts  to 1    14     0     O 

Tiiat  difengaged  by  pulmonary  perfpira- 
tion   0     5     5  62 

The  quantity  of  carbon  confumed  in  the 

fame  time   0     5     7     0 

And  the  quantity  of  hydrogen    0     3     3   10 

The  total  lofs  of  weight  of  aperfonin  24. 

hours  is   2  13     0     0  , 


Thefe  refults  are  only  to  be  eftimated  as  probable. 
Seguin  and  Lavoifier  have  likcwifc  obferved,  that  without 
being  very  particular  in  taking  daily  the  fame  quantity  of 
nourifhment;  without  rcftraining  themfelves  to  live  by 
rule,  provided  excefs  and  irregular  hours  of  rcpafl  are 
avoided  ;  the  fame  individual,  after  having  been  increafed 
in  weight  by  all  the  aliments,  returns  every  day,  after 
the  revolution  of  about  24  hours,  to  the  fame  weight  he 
had  the  evening  before.  If  this  efFecl  does  not  take  place, 
it  is  the  confequence  of  difeafe. 

It  is  by  experience  only  that  man  can  become  ac- 
^  VOL.  in.  1 
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quainted  with  nature;  and  the  more  he  interrogates  her, 
the  more  will  he  be  delighted  with  her  wifdom.  "  Our 
"  admiration,"  fays  the  chcmift,  "  cannot  be  fatigued 
*'  with  viewing  the  fyftem  of  general  liberty  which  na- 
*'  lure  appears  to  have  been  defirous  to  eftablilh  in  every 
*'  thing  relative  to  the  animal  machine.  In  giving  it  life 
"  and  fpontaneous  motion,  an  active  energy,  neccflities 
*•  and  paflions,  ftie  has  not  interdicted  the  ufe  of  them. 
**  She  was  even  defirous  that  he  Ihould  be  free  in  their 
**  abufe,  but  prudent  and  wife  j  ilie  lias  every  where  fur- 
"  rounded  him  with  regulators  ;  and  (he  has  added  fa- 
*'  tiety  to  the  fuperabundance  of  enjoyment." 
Annual  The  animal  machine  is  therefore   governed  by   three 

governed      principal  regulators  :  refpiratio7j,  which  by  operating  in 
by  three      ^^iQ.  luutTS,  and   pcrhaps   likewife  in  other  parts   of  the 

principiil  o  ^  1  1  1 

reguiaturs.  fyftem,  a  flow  combuftiou  of  the  hydrogen  and  carbon 
contained  in  the  blood,  produces  adifengagement  of  ca- 
loric abfoKitely  neceflary  to  the  fupport  and  exiftence  of 
animal  heat  :  perjp'iration,  which,  by  occafioning  a  lofs 
of  the  perfpirable  liumour,  facilitates  the  difcngagement; 
of  a  certain  quantity  of  caloric  neceflary  to  the  folution  of 
this  humour  in  the  furrounding  air;  and  confequently 
prevents,  by  the  continual  coldncfs  this  difcngagement 
produces,  the  individual  from  receiving  a  degree  of  heat 
or  temperature  fuperior  to  what  is  fixed  by  nature  :  and 
digejlion,  which,  fumifhing  the  blood  with  water,  hy- 
drogen, and  carbon,  reftores  habitually  to  the  animal 
machine  what  it  lofes  by  pcrfpiration  and  refpiralion^  and 
afterwards  reje6l6  externally  fubftances  that  are  hurtful  or 
fuperfluous  to  it. 

If  the  caufes  wliich  affe>5l  man  are  various,  his  re- 
fourc-es*are  equally  multiplied  :  his  temperament  is  either 
adapted  for  motion  or  repofe,  for  abftinence  or  excefs  of 
nourishment.  Similar  circumftances  permit  him  to  pafs 
from  an  a£live  to  a  ;ranquil  life,  according  to  his  necef- 
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fities  or  his  will.  If  he  be  in  a  ftate  of  ina6lion  and  re- 
pofe,  the  circulation  is  flow  as  well  as  the  refpiration,  he 
confumes  lefs  air,  exhales  lefs  carbon  and  hydrogen  from 
the  lungs,  and  confequently  has  lefs  need  of  nourifhment. 
If  he  be  obliged  to  work  hard,  the  refpiration  is  accele- 
rated 3  he  confumes  more  air,  lofes  more  hydrogen  and 
carbon,  and  confequently  has  need  of  oftener  repairing 
what  is  loft,  by  a  greater  quantity  of  nutrition.  In  run- 
ning, dancing,  and  in  all  violent  exercifes,  whatever  ac- 
celeration the  refpiration  and  circulation  undergo,  or 
whatever  increafe  there  is  in  the  confumption  of  air,  of 
hydrogen  and  carbon,  the  equilibrium  of  the  animal 
oeconomy  is  not  difturbed,  whilft  the  aliments  more  or 
lefs  digefted,  always  more  or  lefs  in  referve  in  the  in- 
teftinai  canal,  fupply  their  lofs  ;  but  if  the  expenfe  made 
by  the  lungs  be  greater  than  the  receipt  made  by  nutri- 
tion, the  blood  is  deprived  by  degrees  of  it's  hydrogen 
and  carbon,  and  difeafe  fuccceds.  In  this  cafe  the  ani- 
mal is  advifed  of  the  danger  by  laffitude,  lofs  of  vigour, 
and  he  finds  the  neceffity  of  reeftablifhing  the  equili- 
brium by  nourifliment  and  repofe.  The  contrary  takes 
place,  for  want  of  motion  and  exercife  or  the  ufe  of  cer- 
tain aliments,  or  any  imperfeftion  or  vice  in  the  organs' 
of  nutrition  or  refpiration,  In  thefe  cafes,  the  digeflion 
introducing  into  the  blood  more  matter  than  the  refpira- 
tion can  confume,  an  excefs  of  carbon  or  of  hydrogen 
takes  place  in  the  mafs  of  blood,  or  perhaps  both  at  the 
fame  time.  Nature  then  ftrives  againft  this  alteration  in 
the  humours  ;  and  if  fhe  cannot  recover  the  equilibrium 
by  a  more  frequent  refpiration,  difeafe  is  the  confequence. 
"  Whilft,"  fay  thefe  two  chemifts,  "  we  only  con- 
*'  fidered  the  confumption  of  air  in  refpiration,  the  lot 
''  of  the  rich  and  the  poor  was  the  fame,  for  the  air  be- 
*'  lon^s  to  all,  and  cofts  nothing  :  the  labourer  even, 
^'  froni  his  greater  energy,  enjoys  more  completely  this. 
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"  gift  of  nature :  but  fince  experience  has  proved  re- 
*'  fpiration  to  be  a  real  combuftion,  that  confumes  at 
**  each  inllant  a  portion  of  our  I'ubftance,  that  this  con- 
*'  fumption  is  the  greater  in  proportion  as  the  circulation 
"  and  refpiration  are  accelerated,  that  it  increafes  accord- 
*^  ing  to  the  more  laborious  and  aftive  life  of  the  indi- 
*'  vidual — a  multitude  of  moral  reflexions  arife  of  them- 
*'  felves  from  fuch  effefts.  By  what  fatality  happens  it 
*'  that  the  poor  man,  who  lives  by  the  fweat  of  his  brow, 
''  and  is  obliged  to  expend  the  force  which  nature  allots 
*'  him,  confumes  more  than  his  idle  neighbour,  whilft 
"  this  lafl  has  lefs  need  of  repairing?" — "  Why,"  ex- 
claim thefe  humane  chcmifts,  "  by  a  Ibocking  con- 
'^  traft,  does  the  rich  man  enjoy  an  abundance  which  is 
*i  not  phyfically  necellary  for  him,  and  which  would 
*^  feem  to  be  deftined  for  the  daily  labourer  ?  Let  us 
*'  not  however  calumniate  Nature,  and  accufe  her  of 
**  faults  that  undoubtedly  belong  to  human  inftitutions, 
*'  and  which  are  perhaps  not  to  be  (eparated  from  them. 
*'  Let  us  be  content  to  blefs  philofophy  and  humanity, 
*'  which  unite  to  procure  us  fupcrior  enjoyment  and 
'"'■  happinefs,  and  add  to  thofe  of  the  indigent." 

This  rcfult  of  forces  continually  varying  and  conti- 
nually poiling  each  other,  which  are  obfervcd  at  each 
moment  in  the  animal  ceconomy,  is  truly  to  be  admired. 
Man,  in  this  refpecl,  has  been  more  favoured  by  nature 
than  anv  other  animals ;  he  lives  equally  in  all  tempera- 
tures and  in  all  climates  :  if  he  finds  himfelf  in  a  cold  cli- 
mate, the  ccntafl  of  the  air  with  the  lung<,  from  it's 
greater  dcnfuvj  becomes  more  confiderable  ;  more  air  is 
decompofed,  more  caloric  diferigaged,  which  repairs  the 
lofs  caufed  by  the  external  cold  j  whilft  the  perfpiratioii 
diminiflies,  evaporation  becomes  Icfs,  and  confequently 
the  cold. 

If  he  pafll'S  into  a  hot  climate,  the  contrary  effecl  takes 
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place.  The  air  being  lefs  denfe,  it's  contadl  with  the 
blood  is  lefs  confiderable;  lefs  air  is  decompofed,  lefs 
caloric  is  difengaged,  a  more  abundant  perfpiratioii  is 
eftabliflied,  a  greater  quantity  of  heat  taken  away  ;  and 
it  is  in  this  manner  that  an  almoft  uniform  degree  of  heat 
is  obferved  in  animals  that  breathe,  which  is  about  32*^ 
of  Reaumur. 

Whilft  the  variation  of  the  eflfeds  does  not  pafs  over  the 
limits  afligned  by  nature,  whilft  the  means  of  compenfa- 
tion  flie  employs  are  fufficient,  the  animal  is  in  a  ftate  of 
health.  But  if  the  refpiration  takes  more  or  lefs  hydro- 
gen and  carbon  by  the  lungs,  than  digeftion  can  fupply  ; 
if  the  perfpiration  and  frigidity  it  occafions  in  concert 
with  the  exterior  air  do  not  take  away  all  the  caloric 
arifing  from  thedecompofition  of  the  vital  air  in  the  lungs, 
or  in  any  other  part  of  the  fyftem;  if,  in  ihort,  through- 
out, the  receipt  is  not  equal  to  the  expenfe,  the  animal 
machine  is  foon  difturbed,  and  the  blood  changes  it's 
quality,  either  from  excefs  or  want  of  hydrogen  and  of 
carbon,  or  both  at  the  fame  time. 

Thefe  two  philofophers  therefore,   Crawford  and  La-  Diffnenco 
voifier,  agree  in  looking  upon  the  pure  air  as  the  princi-  L^^v^i^fier 
pal  fource  of  the  heat  extricated  in  combuftion  and   re-  ^"^  C'^w- 

.        .  .  .  lord. 

fpiration  :  but  there  appears  to  be  an  elTential  difference 
in  their  opinions,  which  confifts  in  this,  that  Lavoilier 
thinks,  that  the  heat,  difengaged  during  thefe  two  pro- 
cefles,  is  combined  with  the  pure  air  ;  and  that  this  fluid 
owes  it's  aeriform  ftate  to  the  expanfive  force  of  this 
combined  heat  :  in  (lead  of  which,  according  to  Craw- 
ford, the  matter  of  heat  is  in  a  free  ftate  in  the  pure  air ; 
and  it  is  only  difengaged,  from  the  pure  air  lofing  a  great 
part  of  it's  fpecific  heat  on  combination,  Crawford  fup- 
ports  this  affertion  by  experiments,  by  which  he  finds 
the  fpecific  heat  of  pure  a-ir  to  be  87  times  greater  than 
that  of  common  water. 
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Girtanncr,  Girtanncr  differs  in  opinion  from  Lavoifier  and  Craw- 
ford ;  he  believes,  that  during  rcfpiration  one  part  of  the 
oxygen  of  the  vital  air  combines  with  the  venous  blood, 
the  deep  colour  of  which  it  changes  to  a  vermilion ;  that 
a  fecond  portion  of  the  oxygen  unites  to  the  carbon  con- 
tained in  the  carbonated  hydrogenous  gas,  which  exhales 
from  the  venous  blood,  and  forms  carbonic  acid  gas  ; 
that  a  third  portion  of  the  oxygen  unites  to  the  carbon  of 
the  mucus  which  the  lungs  contain  in  large  quantity, 
and  which  is  continually  decompofmg.  This  part  like- 
wife  forms  carbonic  acid  gas.  A  fourth  part  of  the  oxy- 
gen combines  with  the  hydrogen  gas  of  the  blood  to  form 
water,  which  exhales  during  refpiration.  The  caloric 
which  the  decompofed  vital  air  contained  remains  in  part 
united  to  the  oxygen  and  to  the  blood  :  hence  the  quan- 
tity of  fpecific  heat  of  the  arterial  blood,  which  is  greater 
than  that  of  the  venous;  another  part  of  the  caloric  en- 
ters into  the  combination  of  the  carbonic  acid  gas  j  and, 
laftly,  a  third  part  produces  the  necelTary  temperature 
for  the  formation  of  water,  by  the  combination  of  hydro- 
gen and  oxygen  gafes  :  confequently  the  effUis  of  refpi- 
ration fhould  be, — 

1.  The  veiious  blood  lofes  the  carbonated  hydrogenous 
gas  it  contains,  and  aj^forbs  oxygen  gas,  which  gives  it 
a  vermilion  colour,  fuch  as  it  gives  to  metallic  oxyds,  to 
the  nitrous  acid,  and  to  feveral  other  fubftances  with 
which  it  is  combined. 

2.  The  capacity  of  the  blood  is  augmented,  bccaufe 
oxygen  increafes  the  capacity  of  all  fubftances  with  which 
it  unites. 

3.  The  oxygen  gas  of  the  atmofphcre  is  in  part  ab- 
forbed  by  the  venous  blood,  partly  changed  into  carbonic 
acid  gas,  by  the  carbon  of  the  blood  and  that  of  the 
mucus  of  the  lungs,  and  partly  into  water  by  the  hydro- 
gen gas  of  the  blood,  and  the  great  quantity  of  caloric 
become  free. 
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The  produHs  of  refpiration  fhould  be, 

1.  A  fluid  animal  oxyd;  2.  carbonic  acid  gas;  3  wa- 
ter; 4.  a  fmall  quantity  of  caloric  become  free. 

Hence  it  follows,  that  refpiration  is  a  procefs  exacSlly 
analogous  to  combuftion  and  the  oxydation  of  metals; 
during  circulation  the  blood  lofes  it's  oxygen,  and  be- 
comes loaded  with  carbonated  hydrogenous  gas,  by  means 
of  a  double  affinity ;  during  the  diftribution  of  oxygen 
through  the  fyftem,  the  caloric  united  to  this  oxygen 
becomes  free,  and  produces  animal  heat ;  and  the  greater 
capacity'of  arterial  blood  for  caloric  is  only  owing  to  the 
oxygen  to  which  it  is  united  in  the  lungs. 

Another  opinion  refpefting  the  procefs  of  refpiration  De  la 
is  that  of  de  la  Grange.  Confidering  that,  if  all  ihe^""°** 
heat  diftributed  through  the  animal  fyftem  arofe  in  the 
lungs,  their  temperature  would  be  {o  very  great  as  to  caufe 
fear  left  it  fhould  conftantly  deftroy  them  ;  and  that,  if 
the  temperature  of  the  lungs  is  fo  extraordinarily  different 
from  that  of  the  other  parts,  it  muft  have  been  long  ago 
obferved  ;  he  thinks  he  can  conclude  with  great  proba- 
bility, that  all  the  heat  of  the  animal  ceconomy  is  fepa- 
rated  not  only  in  the  lungs,  but  in  all  parts  wherever  the 
blood  circulates.  For  this  purpofe,  he  therefore  fup- 
pofes,  that  the  blood  on  paffing  through  the  lungs  dif- 
folves  the  oxygen  of  the  infpired  air ;  that  this  dillblved 
oxygen  is  conveyed  by  the  blood  into  the  arteries,  and 
thence  into  the  veins;  and  that  durino;  circulation  the 
oxgen  quits  by  degrees  it's  ftate  of  folution  to  com- 
bine partially  with  the  carbon  and  hydrogen  of  the 
blood,  and  form  the  water  and  carbonic  acid  which  is 
extricated  from  it  as  foon  as  the  venous  blood  ofoes  from 
the  heart  in  order  to  enter  the  lungs  ;  and  from  this  man- 
ner of  explanation  this  chemift  thinks  that  the  fmall 
difference  may  be  eafily  accounted  for  which  is  'found 
between  the  temperature  of  the  lungs  and  that  of  the  other 
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internal  animal  parts,  and  how  the  caloric  may  arrive  at 
the  extreme  parts  the  nioll  diftant  iVom  the  lungs. 

HaffeDfiatr,  The  Opinion  of  Ilaflenfratz  refembles  the  laft :  he 
thinks  that  caloric  is  not  onlv  difcngaged  in  the  lungs, 
but  during  the  circulation  by  the  union  of  the  hydrogen 
and  carbon  of  the  blood  with  the  oxygen  which  is  inter- 
mixed with  it ;  and  as  caloric  is  extricated  during  this 
union,  and  this  caloric  fupports  the  animal  heat ;  and  as 
this  union  takes  place  for  the  mod  part  during  the  cir- 
culation of  the  blood  as  it  palTes  from  the  lungs  into 
the  arteries,  and  thence  by  the  veins  into  the  lungs,  it 
follows,  that  the  grcateft:  part  of  the  caloric  is  feparated 
during  this  circuit.  This  chemift  explains  the  experi- 
ment of  Dr.  Crawford,  or  gives  the  caufe  v^hy  the  ar- 
terial blood  acquires  a  greater  fpecific  heat  than  the  ve- 
nous ;  and  this  he  fays  may  be  done  two  ways  : — 1.  As 
all  oxydated  fubftances  have  a  greater  proportionable  heat 
than  fimple  fubllanccs,  and  as  the  arterial  blood  with  re- 
fpeft  to  the  venous  may  be  looked  upon  as  oxydated,  the 
firftmufl  have  a  proportionablv  greater  l;cat  than  the  laft. 
2.  As  the  oxygen  in  the  arterial  blood  ftill  contains  al- 
moft  all  it's  caloric,  and  this  is  afterwards  extricated  in 
circulation  by  the  union  of  the  oxygen  with  the  hydro- 
gen and  carbon  of  the  blood — the  venous,  in  which  this 
combination  is  made,  contains  no  more  caloric,  it  having 
been  difcngaged  and  difpcrfed  to  warm  all  the  parts  through 
which  the  blood  has  paiTed :  hence  the  venous  blood 
ought  to  have  comparatively  lefs  heat  than  the  arterial. 
Hence  the  lungs  are  not  the  {love  of  aniu>al  heat,  but  the 
caloric  in  order  to  fupport  it  is  extricated  during  circula- 
tion, 

(j^n.  According  to  Grcn,  the  oxygen  gas  does  not  give  up 

it's  bafis  to  the  arterial  blood  :  he  afTerts,.  that  all  the 
water  we  expire  is  of  new  formation,  and  not  feparated 
from   the  blood  j  that  confequently  oxygen  is  only  ab- 
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forbed  for  the  formation  of  water  and  of  carboiiic  acid, 
and  that  there  ren^^iins  none  of  it  to  combine  with  the 
blood  :  further,  that  the  change  of  the  venous  into  the 
arterial  blood  in  the  lungs  does  not  depend  upon  the  ab- 
forption  of  oxygen,  but  on  the  feparation  of  the  carbon 
and  hydrogen;  and  that  the  arterial  and  not  the  venous 
blood  is  a  llimulus  to  the  heart. 

Another  theory  on  this  fubjefh  is  given  by  de  la  Me-  DehMe- 
therle.     This  chemift   does  not  believe  the  conclufions    '"^" 
drawn  by  Lavoifier  and  Seguln,  having  found  that, 

1.  In  an  ordinary  infpiration,  no  more  than  from  four  » 
to  fix  inches  of  air  enter  the  lungs. 

2.  He  admits  three  caufes  of  animal  heat. 

a.  Caloric,  which  is  difengaged  from  the  pure  air  that 
undergoes  a  combination  in  the  lungs. 

h.  Mufcular  motion ;  for  in  lleep  the  animal  heat  Is 
lefs  than  when  awake ;  and  in  local  inflammation,  the 
heat  of  the  part  is  confiderably  raifed. 

c.  Finally,  the  fermentation  of  animal  fubftances  in 
the  ftomach  and  inteftines,  during  which  fermentation 
caloric  is  difengaged  ;  for  animal  matter  during  this  pro- 
cefs  is  known  to  be  heated  even  to  the  point  of  inflam- 
mation. 

3.  Refpiration  likevvife  fcrves  as  a  condu6lor  of  the 
eleclric  fluid;  for,  from  the  experiments  of  Read,  the  air 
of  an  apartment  in  which  a  perfon  has  breathed  for  a 
few  hours  is  always  ele£lrified  negatively,  whilfl:  before  it 
was  in  a  pofitive  flate  of  electricity. 

The  lad  theory  on  refpiration  is  that  of  Davy.  This  Davy. 
ingenious  philofopher  having  from  experiment  laid  it 
down  as  a  fa6l  that  the  caloric  of  the  fyftem  of  Lavoifier 
is  not  the  matter  of  heat,  or  an  imaginary  fluid,  as  has 
been  fuppofcd  ;  but  that  it  mav  be  defined  a  peculiar 
motion,  or  probably  a  vibration  of  the  corpufcles  of 
bodie?  tending  to  feparate  thcrn;  and  hence  may  with 
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propriety  be  called  repuljtve  motion ;  and  having  fubfti- 
tutcd  tor  oxygen  gas  the  term  phos-ox}-gen  (from  ipw?  light, 
c|f?  acid,  and  ytvr.rop  generator),  to  exprefs  a  chemical 
combination  of  the  fimple  fubftance  light  with  the  fim- 
ple  fubftance  oxygen  ;  having  proved  that  the  oxygen  gas 
of  the  French  nomenclators,  which  they  have  fuppofed 
to  be  oxygen  combined  with  caloric,  is  a  fubftance  com- 
pounded of  light  and  oxygen;  and  having  explained  the 
theory  of  combuilion ;  he  firft  offers  fome  objections 
againft  the  theory  of  refpiration  of  the  calorifts. 

ift.  Againft  it's  being  fuppofed  that  one  portion  of  the 
oxygen  combines  with  the  iron  in  the  blood,  giving  the 
vermilion  colour  to  the  arterial  blood,  he  aflerts  that  iron 
never  decompofes  phos-oxygen  at  fo  low  a  temperature  as 
98^5  the  greateft  heat  of  the  lungs;  and  phos-oxygen  is 
never  decompofed  by  iron,  without  rapid  combuftion, 
flame,  and  great  heat. 

2d.  Oxygen  gas  is  never  decompofed  by  carbon  at  fo 
low  a  temperature  as  98"^,  and  is  never  decompofed  with- 
out combuftion.  See. 

3d.  There  is  never  a  decompofitlon  of  phos-oxygen 
by  hydrogen  at  fo  low  a  temperature  ;  and  it  is  well 
known  that  this  procefs  does  not  take  place  without  flame  : 
hence  the  theory  is  falfe.  On  the  contrary,  Davy  under- 
takes to  prove  from  experiments, 

ift.  That  phos-oxygen  (light  and  oxygen)  is  not  de- 
compofed in  the  lungs; 

2d.  That  phos-oxygen  combines  with  the  venous  blood 
in  the  lungs ; 

3d.  That  carbonic  acid  and  water  are  both  liberated 
from  the  lungs  during  this  procefs,  either  by  the  incrcafe 
of  temperature,  or  from  the  fupcrior  affinity  of  phos- 
oxygen  for  the  venous  blood. 
i\ti\  cxpe-  A  phial  containing  twelve  cubic  inches  and  a  half  was 
filled  with  very  pure  phos-oxygen.    The  medial  vein  of  a 
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healthy  man  was  opened,  and  the  ftream  of  blood  di- 
rected into  the  phial.     The  mouth  of  the  phial  was  im- 
mediately brought  into  contact  with   the  arm,  fo  as  en- 
tirely to  exclude  all    external  air.     The  room  was  then 
darkened.      As  the  blood  flowed  into  it,  it  changed  from 
a  dark  red  to  a  bright  vermilion  colour.     When  the  phial 
was  half  full,  it  was  clofed,  and  plunged  in  mercury  heated 
to  90'^.     Having  remained  half  an  hour,  the  blood  was 
found  coagulated,  and   a  bright  vermilion  colour :  fome 
drops  of  water  were  formed  on    the  fides  of  the  phial. 
When  the  cork  was  drawn,  about  two  cubic  inches  of 
mercury  rufhcd  into  the  phial;  from  which  he  concluded 
an  abforption  of  gas  had  taken  place.    The  remaining  gas 
was  three  cubic  inches  and  one  tenth  of  phos-oxygen, 
with  nine  tenths  of  a  cubic  inch  of  carbonic  acid. 

During  the  experiment  no  light  was  liberated  :  hence 
Davy  fuppofes  there  was  no  decompofition  of  phos-oxy- 
gen. And  as  a  confiderable  diminution  of  phos-oxvgeH 
took  place,  and  the  blood  acquired  new  properties,  he 
concludes  that  phos-oxygen  is  capable  of  combination 
with  the  venous  blood.  To  prove  this  by  analyfis  as  well 
as  fynthefis,  he  made  the  following  experiment : 

A  twelve-cubic-inch  phial,  with  a  pneumatic  apparatus  Second  ex- 
affixed  to  it,  was  filled  with  arterial  blood  from  the  caro-  P^''"^*'"'- 
tid  artery  of  a  calf.  The  phial  was  placed  in  a  fand  bath 
of  the  temperature  of  96^,  and  the  heat  gradually  and 
flowly  raiftd,  In  about  ten  minutes  the  temperature  of 
the  bath  was  108'^,  and  the  blood  began  to  coagulate.  At 
this  moment  fome  globules  of  gas  were  perceived  pafling 
through  the  tube.  ^  Gas  continued  to  pafs,  in  very  fmall 
quantities,  for  about  half  an  hour;  when  the  temperature 
of  the  fand  was  about  200'~.  The  blood  was  coagulated, 
and  almoft  black.  About  one  cubic,inch  and  eight  tenths 
of  gas  vv^e  re  col  levied  in  the  mercurial  apparatus :  of  this 
one  cubic  inch  and  one  tenth  were  carbonic  acid,  and  the 
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remaining  fcven  tenths  phos-oxygcn.  Great  caution  is 
nereffary  in  this  experiment;  for,  if  the  temperature  is 
not  gradually  and  llowly  increafed,  the  liberated  gafes  are 
carbonic  acid  and  hydrogen. 

From  the  above  experiment  it  is  evident  that  the  arte- 
rial blood  contains  phos-oxygen ;  and  it  was  before  proved 
by  fynthefis  that  it  is  capable  of  combining  with  it  di- 
re6lly  :  hence  he  concludes  that  phos-oxygcn  combines 
with  the  venous  blood  of  the  fyflem  in  the  pulmonary 
veflTels. 

As  no  light  was  liberated  in  the  firft  experiment,  it  if, 
evident  there  cannot  be  even  a  partial  decompofition  of 
phos-oxygen  in  refpiration ;  and  confequently,  the  car- 
bonic acid  and  aqueous  gas  liberated  cannot  arife  from  the 
decompofition  of  phos-oxygen  by  the  carbon  and  hydro- 
gen of  the  venous  blood — they  mull  ther-fore  be  libe- 
rated from  the  venous  blood.  To  prove  this  more  clearly, 
the  following  experiment  was  made : 
Third  expe-  ^  |-^^jj  ^  >^  bladder  was  filled  with  blood  from  the 
medial  vein  of  a  healthy  woman.  This  blood  never  came 
into  conta<£l  with  any  air  during  the  experiment.  The 
bladder  .was  inferted  in  a  veflel  of  water  heated  to  112-', 
and  the  gafeous  produdls  received  by  a  pneumatic  appa- 
ratus.    They  were  carbonic  acid  and  aqueous  £as.    . 

Refpiration  is  therefore,  according  to  the  theory  of 
Davy,  a  chemical  procefs — the  combination  of  phos- 
oxvgen  with  the  venous  blood  in  the  lungs,  and  the  libe- 
ration of  carbonic  acid  and  aqueous  gas  from  it.  From 
the  combination  and  decompofition  ariles  an  increafe  of 
repulfive  motion,  which,  combined  with  that  produced 
by  the  other  chemical  procefles  taking  place  in  the  fyf- 
tem,  and  that  generated  by  the  reciprocal  aftion  of  the 
folids  and  fluids,  is  the  caufe  of  animal  heat. 
Pj.Mcn-  An  attempt  has  been  made  by  Dr.  Menzies,  or  rather 
tcm^-t  to      he  informs  us  he   has  ventured   to  examine,   hdw  the 
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afcertalnment  of  the  quantity  of  air  ufually  refpircd  may  afceitain 
throw  light  oa  the  generation  of  animal  heat,  and  on  the  o/an^nwr^ 
quantity  of  heat  venerated  in  a  given  time  :  and  he  is  of  ^*-^^£.^"^- 

^    _    ,  .  .         °       .  rated  in  a 

opinion,  that  this  can  be  eftimated  independently  of  any  s'^^-'^i^n^^' 
theory  on  the  nature  of  heat  itfelf. 

The  experiments  of  Crawford,  Lavoifier,  and  de  la 
Place,  prove,  when  equal  quantities  of  air  are  vitiated 
by  refpiration  and  combuftion,  that  equal  degrees  of 
heat  are  evolved.  Crawford  found,  that  if  an  animal  be 
fhut  up  in  a  veflel  furrounded  with  water  and  protefted 
from  the  accefs  of  air  by  very  foft  wool,  one  hundred 
meafures  of  air,  each  containing  an  ounce,  vitiated  either 
by  this  animal's  refpiration  or  by  the  combuftion  of  wax 
or  coal,  communicated  the  following  quantities  of  heat 
to  31  lbs.  7  oz.  of  water. 

Degrees. 

iThe  combuftion  of  coal,  gave    19.3 
^,vax,    .  .  ..£1.0 
The  refpiration  of  a  gui- 
nea pig, 17.3 

But  as  each  degree  of  Crawford's  thermometer  makes 
only  one  tenth  of  a  degree  of  Fahrenheit's,  it  is  evident, 
that,  if  a  thoufand  fuch  meafures  were  vitiated  by  the 
combuftion  of  wax  and  the  refpiration  of  a  guinea-pift', 
the  difference  between  the  quantities  of  heat  eiven  o\it  to 
31  lbs.  7oz.  of  water  will  make  3.7  degrees  of  Fahren- 
heit's ;  the  difference  between  the  quantities  given  out  by 
the  combuftion  of  coal  and  the  reipiration  of  a  guinea- 
pig  will  be  equal  to  2  degrees  of  Fahrenheit's  thermome- 
ter :  i.  e.  the  heat  communicated  to  the  water  by  the 
guinea-pig  will  be  two  degrees  lefs  than  that  com.inuni- 
cated  bv  the  combuftion  of  coal. 

But  from  the  feries  of  experiments  of  Lavoifier  and  de 
la  Place  (Me'moire  fur  la  Chaleur,  17 S3)  it  appears,  that 
the  heat  communicated  by  the  refpiration  of  a  guinea-pig. 
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when  equal  quantities  of  air  were  vitiated,  was  greater 
than  that  generated  by  the  combuiiion  of  coal  in  the  pro- 
portion of  13  to  10.3.  But  as  contemporary  authors 
have  fuppofed  the  degree  of  heat  faid  to  be  communicated 
by  the  guinea-pig  to  be  fomewhat  exaggerated,  and  as  the 
refult  of  their  experiments  was  almod  the  fame,  Dr. 
Menzies  thinks  the  average  number  may  be  taken  as  a 
rule — the  difference  probably  proceeding  from  the  diffe- 
rent conftrudion  of  the  inflruments  employed  :  hence  it 
is  conceived,  that  when  equal  quantities  of  air  arc  viti- 
ated, whether  by  refpiration  or  the  combuftion  of  coal, 
nearly  equal  quantities  of  heat  are  generated. 

As  the  quantity  of  heat  generated  when  a  given  quan- 
tity of  fixed  air  is   produced  by  the  combuftion  of  coal 
has  been  lately  demonftrated  by  Lavoilier  (Elements  of 
Chemiftry,  p.  101 ),  and  as  the  quantity  of  air  ul''ually  re- 
fpired  has  been  afcertained  :  it  is  evident  that  the  quan- 
tity of  heat  generated   in   the  lungs,   in  any  given  time, 
i.yeftimat-  eould  bc  alfo  found  out,  if  the  quantity  of  lixed  air  was 
quam^v'of  c^^'w^^itcd  in  the  air  that  has  been  once  breathed, 
iixed  air  ill       fhc  followiuo;  experiments  were  made  with  this  view  : 
fiiiiexpe-   A  quantity  of  air  once   refpired  was  preffed    out  of  an 
'"^"'       allantoid  into  a  glafs  bottle  inverted   in  water  ; "and,  left 
anv  part  of  the  fixed  air  ftiould  have  been  abforbed  by  the 
water,   fome  oil  was  previoufly  poured   into   the  bottle. 
The  bottle  was  then  inverted   into   another   vetfel   filled 
with  cauftic  alkali.  The  barometer  was  in  the  mean  time 
attended  to,  and  the  degree  of  heat  marked  by  a  thermo- 
meter.    The  air  in  the  bottle  was  then  Ihaken,  and  left 
in  contaiil  with  the  cauRic  alkali  till  all  the  fixed  air  was 
abforbed.     Then  the   bottle  was  again  plunged  into  the 
water,  till'the  cauftic  alkali  in  the  bottle  and  the  water  in 
the  vcffel  were  at  the  fame  height.    The  bottle  beino-  then 
ftopped  with  a  cork,  and  placed  on  it's  bottom,  it  con- 
tained a    quantity  of  cauftic  alkali,   which,  accurately 
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Veiohed,  gave  the  quantity  of  fixed  air  abforbed,  after 
fome  corrections  being  made  on  account  of  the  afcent 
and  defcent  of  the  mercury  in  the  barometer,  and  the 
diiference  of  temperature  in  the  bottle. 

Thus  the  bottle  contained  2038.5  cubic  inches;  the 
temperature  of  the  air  of  the  bottle  was  59°  of  Fahrenheit; 
the  altitude  of  the  mercury  in  the  barometer  was  29.07 
inches.  The  temperature  of  the  air,  after  two  days,  was 
57.5°  ;  the  altitude  of  the  mercury  in  the  barometer  was 
29.37  inches;  the  cauftic  alkali  of  the  bottle  weighed 
5  lbs.  9i  oz.,  equal  to  131.2713  cubic  inches.  But,  on 
account  of  the  afcent  of  the  barometer,  it  is  neccflary  to 
fubtra6l  2.09  cubic  inches,  and  6.471  cubic  inches,  be- 
;caufethealr  in  the  bottle  was  rendered  1.5°  (of  Fahrenheit) 
colder  :  for  as  the  volume  of  elaftic  fluids  is  in  the  inverfe. 
proportion  of  the  weight  preffing  on  them,  29.37  :  29.07 
:  :  2038.5  :  xzz20n.6:  and  203S. 5  — 2017.6  =  20.9. 

And  as  atrnofpheric   air  is  expanded  --— _  of  it's  vo- 
lume  for  every  degree  of  Fahrenheit's  thermometer  "  '  "■ 

•'         °  47 '2..'} 

X1.5°=:6.471.  So  131.2713  — 20.9  — 6. 471rtl03. 9,  the, 
number  of  cubic  Inches  of  fixed  air  in  2038.5  inches  of 
air  once  refpired  ;  a  quantity  lefs  than  one  nineteenth  of 

''038  5 

the  whole;  for  ^     '  r:19.6.     But,  left    any  part  of  the 

fixed  air  fhould  be  abforbeil,  oil  was  ufed  inftead  of 
water. 

The  bottle  was  filled  v/ith  air  once  refpired  and  pafTed  Second  ex, 
through  oil :  this  bottle  contained  179-812  cubic  inches-  P^"™^'^" 

The  thermometer  and  barometer  were  as  in  the  jaft  ex- 
periment. The  cauftic  alkali,  after  two  days,  weighed 
6to  oz.  and  meafured  1 1.451  cubic  inches.  Bj.it  29.37  : 
29.07  :  :  179. 812  :  A-rrl77.973  ;  and  179-812—177.973 

=  1.839;  and  ^^^' X  i.5°  =  0.5707. 

Thus  !  1.451  —  1.839-0.5707=^9.0425  the  quantity  of 
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fixed  air  in  179.8  cubic  inches  of  air  once  refpired  3  for 

170.812 

The  hv\e  experiment  being  repeated  with  the  fame 
bottle,  3  oz.  1  dr.  only  of  cauftic  alkah,  meafuring 
5.9148  cubic  inclies,  were  found  in  the  bottle.  But  as 
during  this  time  the  mercury  in  the  bottle  had  fallen  fix 
tenths  of  an  inch,  3. SI 7  cubic  inches  mu(l  be  added  to 
that  quantity.  And  as  the  air  in  the  bottle  was  found 
eight  tenth*  of  a  degree  colder  towards  the  end  than  at 
the  beginning  of  the  experiment,  0.3044  parts  of  an 
inch  arc  to  be  fubtra6led  from  it. 

For 'J9.2  :  29. S2  :  :  179.812  :  ;f=:lS3.629j  and  133.629 

—  179.812=3.5173  and  j^^  X0.8  =0.3044. 
Sothat5.9148-f  3.817  —  0.3044  =  9.427.  And   -^^ 

=  19.07. 

In  frequently  repeating  thefe  experiments  with  the 
large  and  fmall  bottles,  whilft  the  ftate  of  the  thermo- 
meter and  barometer  was  carefully  attended  to,  the 
greatcd  variation  was  20.1  :  fo  that  the  average  number 
will  be  ly.G. 

Dr.  Menzies  likewifc  made  fome  experiments  to  dif- 
cover  the  quantity  of  fixed  air  in  the  room  where  thefe 
were  made;  but  the  quantity  in  2038.5  cubic  inches  of 
air  refplred  was  fuiuid  to  be  fo  fmall  as  to  be  fcarcely  per- 
ceptible. If  any  calculation  be  attempted,  the  quantity 
of  fixed  air  may  be  efiiinatcd  at  -^'^th  or  -jlgdths  of  air 
once  refpired. 

Thus,  if  the  quantity  of  air  commonly  infpired  be  efti- 
matcd  at  40  cubic  inches^  and  the  number  of  rcfpirations 
'  at  18  in  a  minute,  720  cubic  inches  will  be  infpired  in 
the  fpace  of  a  minute;  of  which  quantity  only  ?^^,dths,  ' 
or  ]  94.4  cubic  inches  confill  of  vital  air,  the  only  confti- 
tuent  of  atmolpheric  air  changed  by  refpiration. 
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Bat  rlo  P''^^ts  only  of  atniofpheric  air  are  changed  in 
each  refpiration  :  hence  36  cubic  inches  of  fixed  air  ^ 
are  generated  in  the  fp ace  of  a  minute  in  the  lungs  of  a 
niiddie-fized  man,  or  51S40  cubic  inches  in  the  fpace  of 
a  day — a  quantity  of  air  weighing  22S(i5.5  grs.  or 
3.9697  lbs.  troy,  weight.  And  as  Lavoifier  has  calculated 
that  for  every  pound  of  fixed  air  generated  by  the  coni- 
buftion  of  coal  a  quantity  of  heat  is  evolved  which  would 
melt  27.02024  lbs.  of  ice;  and  as  the  fame  quantity  rf 
heat  is  generated  in  air  vitiated  either  by  refpiration  or 
bv  the  combuftion  of  coal  ;  it  follows  that  the  quantity 
of  air  vitiated  daily  in  the  lungs  of  an  ordinary  man  w  'l 
give  out  nearly  as  much  heat  as  would  melt  107.2  lb?,  of 
ice:  for  27.02024x3.9697  — 107.2622.  But  as  a  por- 
tion of  this  heat  is  carried  off  in  the  air  expireld,  under  the 
form  of  fenfible  heat ;  and  as  a  portion  is  employed  in  the 
formation  of  vapour,  or  is  rendered  latent;  thefe  quanti- 
ties can  be  calculated  in  the  following  manner: — 

As  a  cubic  inch  of  atmofpheric  air  weighs  0.32112 
parts  of  a  grain,  40  cubic  inches  will  weigh  12.8448 
grains.  But  rls  parts  of  this  quantity  being  converted 
into  fixed  air,  if  the  whole  remains  free  from  moifture  it 
will  gain  0.19794  :  fo  that  it  will  weigh  13.04  274  grains. 
Hence  the  air  expired  during  the  fpace  of  a  minute  will 
weigh  234.7693  grains;  or  that  expired  during  a  whole 
day  will  weigh  335067-82  grains,  or  58.692  pounds.  But 
if  air  of  this  kind  be  funpofed  tp  have  the  fame  capacity 
for  receiving  heat  as  water,  it  follows  that-the  fame  de- 
gree of  heat  that  would  raife  5S.69]bs.  of  water  fome 
degrees,  would  alfo  raife  the  air  to  the  fame  degree.  But 
the  quantity  of  heat  recjuifite  to  raife  58.69  lbs.  of  water 
to  the  6Gth  degree  of  Fahrenlicit,  is  equal  to  that  which 
would  melt  27.6692  lbs.  of  ice;  for  fince  140  degrees  of 
heat  become  latent  in  the  formation  of  each  pound  of 
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water  '  '^^^^ —  =  27.6692.  Confequently  the  fame  de- 
gree of  heat  will  be  daily  evolved  in  the  lungs  under  the 
form  of  fenfible  heat. 

Tiie  difcovery  of  latent  heat  (liows  that  a  great  quan- 
tity of  heat  is  abforbed  during  the  formation  of  vapour, 
without  an  increafe  of  temperature  ;  and,  according  to  the 
experiments  of  W^tt,  the  heat  thus  abforbed,  or  rendered 
latent,  would  raife  the  temperature  of  a  body  of  the  fame 
fpecific  gravi^  and  capacity  for  heat  as  water,  although 
it  could  not  be  converted  into  vapour,  96O  degrees  more 
than  before. 

Dr.  Menzies  weighed  accurately  a  large  allantoid,  and 
then  filled  it  with  expired  air.  When  it  was  quite  cooled, 
and  carefully  weighed  again,  it  was  found  to  have  gained 
two  grains  by  every  refpiration ;  which  coincides  with 
an  experiment  made  by  Hales,  who  found  that  fome 
moiftened  diaphragms,  through  which  he  had  breathed, 
gained  fix  grains  in  three  minutes.  Thus,  if  two  grains 
of  aqueous  vapour  be  fubtraded  every  minute,  with- 
out attending  to  what  may  be  fubtra6led  for  the  dif- 
ference between  the  weight  of  fixed  and  vital  air,  6  oz.  or 
0.5  of  a  pound  will  be  fubtracled  daily.  But  if  the  tem- 
perature of  a  body  incapable  of  being  evaporated,  of  the 
fame  capacity  for  heat  as  water,  weighing  0.5,  be  in- 
creafed  96O  degrees,  this  heat  will  diflblve  3.42854  lbs.  of 

r         960x0.5  T.  «-i  r      1 

ice:  tor    — ; z=  3.4295.     But  as  Crawiord  computes 

J  40  , 

the  relative  heat  of  aqueous  vapours  at  1.55,  a  quantity  of 
heat  will  be  fubtra£l:ed  which  would  diflblvc  1  lb.  and 
0.8856  hundredth  parts  of  ice  more  than  if  it's  capacity 
,  for  heat  had  been  the  fame  with  that  of  water  j  or,  in 
other  words,  all  the  heat  daily  confumed  in  the  lungs,  in 
forming  aqueous  vapour,  would  diflblve  5.3 14 1  lbs.  of  ice. 
.So  that  all  the  heat  daily  evolved  in  the  lungs  under  the 
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fprm  offenfible  heat  and  vapour,  would  cUfTolve  32.9833lbs. 
of  ice.     For  27.6692  +  5.3141=32.9833. 

But  as  it  was  before  demon  hated,  that  in  one  day  a 
quantity  of  heat  was  evolved  by  the  change  induced  in  the 
air  in  the  lung's,  which  would  dillblve  107.2622 lbs.  of  ice. 
Subtract  thence    32.9833 


There  will  remain     74.2789 

which  would  be  the  quantity  capable  of  being  dilTolved  by 

the  heat  daily  evolved  in  the  lungs  of  an  ordinary  man. 

But  it  is  neceflary  the  blood  fhould  abforb  the  heatj  be- 

caufe  it  is  expofed  to  it's  aftlon  in  the  lungs  for  the  fpace 

of  fome  hundreds  of  fquare  feet,  and  becaufe  this  fluid  is 

admirably  calculated  to  diffufe  heat  through  all  the  body. 

The  degree  to  which   the  blood  is  heated  in  it's  paflage  The  degree 

through  the  lungs,  may,  according  to  Dr.  Menzies,  be  thJ^^^'lop^  in 

eftimated  in  the  following  manner  : — If  the  quantity  of^^^  ''■'"Sf 

°  ^  T  •  IS  heated 

blood  which  pafTes  through  the  lungs  in  the  fpace  of  a  animated, 
minute  maybe  ellimated  at  8  lb. ;  if  the  heart  be  fuppofed 
to  propel  an  ounce  and  a  half  in  each  fyflole;  and  if  the 
blood  be  fuppofed  to  have  an  equal  capacity  for  heat  with 
water ;  it  is  evident  that  the  quantity  of  heat  that  would  make 
8  lbs.  of  water  rife  to  any  given  point,  would  alfo  make 
8  lbs.  of  blood  rife  to  the  fame  point.  But  as  the  quantity 
of  heat  abforbed  during  a  day  by  the  blood  has  been 
ihown  to  be  fufficient  to  difTolve  74.27  lbs.  of  ice,  the 
quantity  abforbed  each  minute  cot.'ld  only  diflblve  0.05 158 
of  a  lb.  of  ice.  Befides,  fince  140*^  of  heat  are  requifite 
to  liquefy  I  lb.  of  ice,  or  become  latent,  1  :  140::0.05l58: 
;if— 7.22°,  or  the  quantity  of  heat  requifite  for  diflblving 
0.05158  of  a  pound  of  ice  would  incveafe  tlie  tempera- 
ture of  a  pound  of  water  by  7.22*^,  or  8  lbs.  by  0.902d5  of 
a  degree  of  the  thermometer  of  Fahrenheit.  Thus  the 
heat  generated  each  minute  in  the  lungs  of  an  ordinary 
man  would  raife  the  temperature   of  the  blood  pafliug 
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through  them  In  that  fpacc  of  time,  by  0.902^5  of  a  de- 
gree, if  blood  had  an  equal  capacity  for  heat  with  water. 
But  as  Crawford  concludes  that  the  comparative  heat  of 
venous  blood  bears  the  fame  proportion  to  that  of  water  as 
O.S9?8  to  1,  it  is  evident  that  the  fame  degree  of  heat 
which  would  raife  venous  blood  oncdcgreewould  raifethe 
fame  quantity  of  water  only  0.8928  of  a  degree ;  or  that 
their  temperatures  are  in  the  invcrfe  proportion  of  their 
capacities  for  heaf. 

Thus  the  quantity  of  heat  would  raife  the  fame 
quantityof  venous  blood  1.01  lOS*^;  for  0.8928  : 1.0000:: 

0.90265  :-j4^^  — =1.01103.     And  as  he  found  that  the 

capacity  of  venous  blood  for  heat  is  increafed  by  it's  be- 
coming arterl-\l,  in  the  proportion  of  0.8928  to  1.03;  if 
"  venous  blood  is  raifed  1.01 103°  by  the  heat  evolved  in  the 
lungs,  it  follows  that  arterial  blood  will  be  raifed  only 
0.8763  ;   for  1.03  :  O.S928  :  :  1.01103  :  x  =  0.8763. 

Thus  0.13468  parts  of  a  degree  of  Fahrenheit's  ther- 
mometer equal  the  quantity  of  heat  which  becomes  la- 
tent, although  the  capacity  of  the  blood  for  heat  is  in- 
creafed in  the  fame  proportion ;  for  1.01103 — 0.87635  = 
0.13468. 

Therefore  the  blood  in  it's  pafTage  through  the  lungs, 
accordino;  to  the  calculation  of  Dr.  Menzies,  gains 
1.01103,  or  more  than  one  degree  of  Fahrenheit,  and 
it's  temperature  is  increafed  0.8763  of  a  degree.  Whence 
it  follows,  that  the  blood  in  the  left  fide  of  the  heart  is 
warmer  than  that  in  the  right  by  eight  tenths  of  a  de- 
gree. This  fcems  to  be  confirmed  by  an  experiment  of 
Hunter's  on  a  live  dog;  for,  having  introduced  the  ball 
of  a  thermometer  two  inches  within  the  rc6lum,  thequick- 
filver  rofe  to  100°  and  a  hah  exaftly.  The  chefl  of  the 
dog  was  then  opened,  and  a  wound  made  in  the  left  ven- 
tricle of  the  heart ;  and  immediately  on  the  ball  being  in- 
troduced the  quickfilver  rofe  to   101°  cxa6lly.     A  wound 
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was  next  made  fome  way  into  the  fubftance  of  the  liver, 
and  thequickfilver  rofe  to  100^  and  three  quarters.  It  was 
next  put  into  the  cavity  of  the  ftoniach,  where  it  flood  at 
101".  All  thefe  experiments  were  made  in  a  few  minutes. 
Hence,  according  to  Dr.  Menzles,  the  quantity  of  ani- 
mal heat  generated  in  the  lungs  may  be  determined  by  a 
method  founded  on  the  two  following  propofitions. 

1.  That  nearly  equal  quantities  of  heat  are  evolved 
when  equal  quantities  of  vital  air  are  vitiated;  v^^hether  by 
the  combuftion  of  coal,  or  by  the  refpiration  of  animals. 

2.  That  the  quantity  of  fixed  air  generated  in  the  lungs 
in  any  given  time,  can  be  eafily  determined  by  knowing 
the  quantity  of  fixed  air  in  air  once  refpired. 

This  method,  therefore,  has  no  connexion  with  any 
theory  of  animal  heat,  or  with  the  different  capacities  of 
fixed  and  vital  air  for  heat. 

Different  authors  have  given  the  heat  of  the  human  Heat  cf  :he 
body.  According  to  Boerhaave  it's  natural  heat  is  92°  body!* 
or  at  moft  94° ;  and  Pitcairn  makes  the  heat  of  the  llin 
to  be  the  fame.  It  is  however  evident,  that  the  different 
parts  of  the  body  not  only  differ  from  each  other,  but  that 
they  differ  from  themfelves  according  to  the  feafons  and 
other  circumftances :  hence  the  difference  of  the  refults 
amongft  phyficians  who  have  attempted  to  afcertain  the 
animal  heat. 

Amontons  found  it  to  be   9I ,  92,  or  93^* 

Sir  Ifaac  Newton 95  f- 

Fahrenheit  and  Mufchenbroek  found  the  blood  to  be  96 

Dr.   Martine  found  the  fkin  to  be 97  ^     98 

the  urine 99 

Dr.  Hales  found  the  fkin gj 

the  urine 103 

John  Hunter  under  his  tonorue     97 

in  his  reiSum    98|- 

in  his  urethra,  at  one  inch 92 
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John  Hunter  in  his  urethra,  at  two  inches 93*^ 

_ at  four  inches  ........  94 

at  the  bulb  of  the  urethra  97 

Such  are  the  phenomena  refpiration  produces  in  the 
more  perfeA  animals  with  warm  blood  j  and  fuch  have 
been  the  various  opinions  with  refpe6l  to  the  utility  of  this 
procefs,  and  the  part  it  acls  in  the  animal  oeconomy. 
'I  he  next  part  will  give  an  account  of  the  refpiration  of 
fifties  and  infcdls. 
Experi-  Refpiration  of  Fijhs. — Dr.  Prieftley  having  found,  ac- 

PrkiUey.  cording  to  the  phlogiftic  fyflem,  that  the  principal  ufe  of 
the  lungs  and  of  the  blood  in  man,  quadrupeds,  and  ani- 
mals with  lungs,  is  to  difcharge  phlogiflon  from  the  ani- 
mal fyftem,  in  a  (late  proper  to  diminifh  refpirable  air, 
and  to  render  it  unfit  for  refpiration,  wasdefirous  of  trying 
whether  fifties,  which  do  not  breathe  like  other  animals, 
part  with  phlogifton  to  the  water  in  which  they  live.With 
this  view  he  put  two  (a  large  perch  and  an  eel)  into  a  pail 
of  water;  and  when  they  had  been  in  it  about  twenty- 
four  hours  he  nearly  filled  a  large  phial  with  the  water, 
and  in  it  he  agitated  a  fmall  quantity  of  common  air  be- 
tween fix  and  feven  minutes,  and  found  that  it  was  confi- 
derably  injured  by  the  operation;  for  two  meafures  of 
this  and  one  of  nitrous  air  occupied  at  firll  the  fpace  of 
two  meafures  and  one  fixth,  and  by  ft:anding.feveral  davs 
were  never  lefs  than  two  meafures.  But  when  he  aoitated 
an  equal  quantity  of  air  in  the  fame  quantity  of  the  fame 
water  in  which  no  fifties  had  been  confined,  and  for  the 
fame  fpace  of  time,  it  wi?  not  injured  in  the  flighteft  de- 
gree. It  is  evident,  therefore,  according  to  Prieftley,  that 
phlogifton  is  difchargcd  from  fifties  as  well  as  from  other 
animals;  that  this  phlogif.on  aflefts  the  water,  and  this 
water  the  air  that  is  agitated  in  it ;  and  in  the  fame  man- 
ner as  tliefifties  thcmfelves  would  have  affected  it,  if  it  had 
been  pofllible  for  them  to  breathe  it.     Other  experiments 
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confirmed  and  extended  thefe  conclufions.  Having  filled 
a  phial  with  fome  water  from  the  hot  well  at  Briftol, 
which  he  found  to  contain  air  in  a  great  ftate  of  purity,  he 
put  a  few  minnows  and  other  fmall  fiflies  into  it,  about  two 
inches  in  length,  and  confined  them  without  any  a -cefs  of 
common  air  until  they  died.  He  then  took  equal  quantities 
of  the  foul  and  of  frefli  water,  and  expelled  from  both  all 
the  air  they  would  yield.  That  from  the  water  m  which 
no  fi(hes  had  been  put,  or  the  frefh,  exceeded  the  foul  in 
the  proportion  of  three  to  two ;  and  by  the  ted  of  nitrous 
air,  the  former  exceeded  the  latter  in  a  ftill  greater  pro- 
portion. The  frefh  was  about  the  flandard  of  common 
air,  and  the  foul  fomewhat  worfe  than  air  in  which  a 
candle  juft  goes  out :  it  might  have  been  worfe,  but  the 
water  remained  in  an  open  veiTel  all  night  before  the  ex- 
periment. Hence,  air  contained  in  water  in  an  unelaftic 
ftate  is  as  neceflary  to  the  life  of  fiflies,  as  air  in  an  elaftic 
ftate  is  to  that  of  land  animals. 

He  then  had  no  doubt  but  that  putting  fifties  into  water 
impregnated  with  air  thoroughly  phlogifticated  would  be 
equally  injurious  to  them,  as  this  air  in  an  elaftic  ftate  is  to 
land  animals;  and  this  was  verified.  He  began  vvith  rain 
water  which  contained  no  air,  having  been  recently  boiled. 
He  put  ninefmall  fiflies  into  a  veflfcl  containing  about  three 
pints  of  it,  and  they  lived  between  three  and  four  hours,  no 
air  having  been  admitted.  Two  fifties  were  put  into  a  pint 
of  it  impregnated  with  phlogifton  from  air  that  had  been 
phlogifticated  fix  months  before  by  means  of  iron  filings 
and  fulphur,  and  they  lived  in  It  nearly  an  hour.  It  was 
very  imperfecMy  impregnated.  Inflammable  air  had  a 
fimilar  efie^t.  John  Hunter  having  informed  him  that 
.  fiflies  would  not  live  in  water  impregnated  with  fixed  air, 
he  tried  it,  and  found  that  fmall  fiflies  would  not  live  in 
it  more  that  a  few  minutes.  It  is  well  known  that  all  fpa  . 
waters  containing  fixed  air  are  fatal  to  fiflies,  frtjgs,  and 
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inrc(5ls.  He  found  that  \n  water  impregnated  with  niiroug 
air  ihcv  were  afit-cled  in  the  fame  manner,  but  more  vin- 
lently  ;  but  as  a  dccompofition  of  fume  fmall  part  of  the 
nitrous  air  might  take  j)lace  before  he  could  polfibly  flip 
the  funnel  into  the  neck  of  the  ph'al,  he  introduced  the 
fifties  into  the  veiTel  in  which  he  had  impregnated  the  water 
while  it  remained  inverted  in  the  bafin,  the  remainder  of 
the  nitrous  air  not  im^jibcd  by  the  water  Hill  refling  upon 
it.  The  phial  contained  fomething  more  that  a  pint, 
and  the  nitrous  air  occupied  about  one  fourth  of  it.  Into 
this  veflel  he  introduced  two  fmall  fifties,  and  they  con- 
tinued very  quiet,  without  being  feized  with  any  convul- 
fions  (as  happened  before),  ten  minutes,  or  a  quarter  of 
an  hour,  before  they  died.  IJence,  the  caufe  of  the  con- 
vulfions,  in  the  former  experiment,  arofe  not  from  the 
nitroiii  air,  properly  fpeaking,  but  nitrous  acirf,  which 
a£led  like  the  fixed  air,  another  kind  of  acid.  Whereas 
now  the  fifties  were  no  otherwife  affected  than  in  water 
with  phlogifticated  or  inflammable  air,  except  that  the 
water  had  imbibed  more  of  the  nitrous  air,  and  hence  was 
fooner  fatal  to  them. 
Biouffonct.  From  the  conformalion  of  the  organs  of  refpiration,  or 
the  gills,  in  thefe  animals,  Brouffonet  has  formed  them 
into  two  divifions:  ^';z.  the  cartilaginous,  fuch  as  the 
fea-dog,  the  ftiark  ;  and  the  fpinous,  as  the  fea- wolf,  &c. 
In  the  firft  divifion,  the  gills  are  fuftained  bv  a  cartilagi- 
nous arch,  and  are  more  confidcrablc  in  numlier  than  in 
the  fecond;  in  the  laft,  the\-  are  fupported  bv  feveral 
fmall  curved  bones,  the  number  being  feldom  lefs  than 
four,  and  never  exceeding  it. 

The  ftrufture  of  the  gills  is  fo  formed,  that  the  f:m- 
guineous  veffels,  which  are  dillributed  over  them,  make, 
as  in  the  lungs  of  quadruped.-,  a  very  long  paflTage  in  a 
fhortfpacc  ;  but  they  differ  very  much  in  different  kinds 
of  fifties.     Tlie  way  of  life  to  which  nature  has  dcllincd 
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thefe  animals  is  the  principal  caufe  of  thefe  varieties, 
which  rarely  take  place  in  the  refpiratory  organs  of  dif- 
ferent quadrupeds  and  birds.  Thus  fifhes  which  live  in 
ftill  water,  and  in  places  where  the  water  is  rarely  re- 
newed, fuch  as  eels,  have  their  gills  fuftained  by  fliort 
offeous  arches;  the  cavity  of  their  gills  is  very  large,  and 
they  are  able  to  preferve  the  water  in  thefe  organs  a  much 
longer  time  than  other  fifhes.  They  may  in  fome  mea- 
fure  be  compared  to  the  reptiles  and  oviparous  cjuadru- 
peds,  which  have  cellular  lungs  furnifhed  with  fibres^  and 
in  fuch  a  manner  as  to  be  able  to  keep  a  certain  quantity 
of  air  in  referve  in  cafe  of  need.  On  the  contrary,  in 
thofe  fpecics  of  fi(hcs  that  frequent  the  high  feas,  and  are 
deftined  to  make  long  emigrations,  and  fvvini  very  rapidly, 
the  gills  are  placed  upon  very  great  bones;  feveral  are 
provided  with  a  peculiar  organ,  deftined  like  the  gills  for 
refpiration. 

In  animals  that  refpire  air  there  is  only  one  aperture  by 
which  this  element  is  received  and  rejected  :  this  is  not  the 
cafe  in  fiflies  which  receive  water  into  their  refpiratory  or- 
gans by  different  ways  :  thus,  in  the  lamprey  there  is  only 
one  openingatthefummitof  thchcad,  by  which  the  water 
is  condu6ted  to  the  gills  ;  in  the  ray  there  is  one  on  each 
fide  of  the  head ;  whilft  the  greater  number  of  fifhes  receive 
water  bv  their  mouth,  and  it  departs  by  the  gills.  In  the 
cartilaginous  fifties,  whofe  organs  of  refpiration,  as  has 
been  obferved,  are  more  extenfive  than  thofe  of  oth'er  fifties, 
the  greateft  part  reje6l  the  water  by  feveral  openihgfs;  as^ 
in  the  lampreys,  which  have  feven  holes  ;  the  fea-doo-  has' 
five,  and  the  ftnrgeon  has  only  one,  forming  feveral  divi- 
fions.  The  other  fpecies  of  fifties  have  only  one  opening, 
but  it's  form  varies  according  to  the  animal  cecon-rnny  of 
each  kind.  Thus,  thofe  deftined  to  live  in  fliallow 
w^aters  and  never  at  a  diftance  from  the  banks,  and  fonie- 
times  buried  in  the  fand,  have  this  o-;ening  very  fmall. 
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forming  a  fpccies  of  caiiai  furrounded  by  thick  nicm- 
hrancs.     Tliofe  whicli  are  obliged  to  make  rapid  mo- 
tions haivc  their  gills,  on  the  contrary,  the  molt  cxte^- 
fivcly  formed  j  their  mouth  and  the  opening  of  the  gills 
are  very  large ;  they  receive   a   great  quantity  of  water, 
.    and  renew  it  much  oftener  than  the  others  ;  they  die  al- 
mofl  as  Toon  as  they  are  out  of  the  water :  whilfl  carp, 
eels,  &:c.  which  have  fmall  openings,  live  a  long  time  in 
the  open  air.    On  comparing  the  refpiration  of  fiOies  with 
that  of  animals  that  breathe  in  the  open  air,  it  appears, 
that  the  firft  more  frequently  infpire  than  the  laft;  be- 
cai,ife  the  oxygen  to  be  extracted  from  the  water  is  much 
lefs  abundant  than  in  the  atmofphere,  and  it  is  more  diffi- 
cultly feparated  from  the  water.  Fiflies,  however,  appear  to 
have  the  advantage  of  a  refervoir,  which  ferves  occafion- 
ally  to  fupply  the  deficiency  of  oxygen  bv  the  refpiratory 
Air-blad-    Organs.     This  is  called  the  air-bladder  of  fifties.  Accord- 
■  ing  to  the  experiments  on  the  air  which  this  bladder  con- 
tains, by  Brodbelt  of  Jamaica,  particularly  that  of  the  fword  * 
fifli,  it  is  pure  oxygen  gas  :  he  thinks  it  ferves  the  purpofes 
of  life  when  the  animal  is  unable  to  come  to  the  furface. 
Accum   fays  the  air-bladder  of  a  carp  contains  common 
air.     Monro  had  fuppofed  it  to  contain  fixed  air.     Four- 
croy  fays  it  is  azot  gas  united  fometimes  with  a  little  car- 
bonic acid  gas;  that  it  is  produced   in  the  (lomach,   and 
thence   pafles  into  this  airy  receptacle.     Filhes   are   not 
able  to   fupport  in  water  a  degree  of  heat  equal  to   that 
which  man  and  quadrupeds  fupport   in  the  atmofphere, 
and  the  difierenee  is  very  confiderable.     On  making  the 
comparifon,  phyficians  have   obfcrvcd,   that  air  may  be 
breathed  by  the  human  fpecles  at  264°  with  impunity. 
Tillet  made  animals  breatheanair  heated  to  300'.  A  girl, 
likewife,  under  Marantin,  breathed  an  air  of  325°  for  five 
minute'^.     Notwithftandino;  fuch  dcffrees  of  heat  would 
be  infupportable  to  fifties,  and  would  even  be  fuflTicicnt  to 
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deftroy  their  organization,  feveral  obfcrvatlons  have  been 
made  on  fiflies  found  aUve  in  very  warm  waters,  and  even 
by  the  ancients.     Thus  ^lian  fpcaks  of  a  lake  in  Libya, 
the  water  of  which  is  very  warm,  and  fi(hes  are  found  in 
it  which  die  if  tranfported  to  a  colder  water.    Similar  ob- 
fervations  arc  to  be  found  in  St.  Auguftin  and  Cardanus.  . 
Shaw,  in  his  voyage  to  Barbary,   fpeaks  of  feveral  hot 
waters  in  which  he  had  found   feveral   fpecies  of  perch; 
and  des  Fontaines  lately  made  the  fame  obfcrvation  in  the 
neighbourhood  of  Cufza,  where  the  thermometer  of  R. 
rofe  to  30^.     Lucas,  in  his  Hiftory  of  Mineral  Waters, 
gives  fome  obfervations  on  living  carp  found  in  a  thermal 
water,  the  heat  of  which  was  equal  to  that  of  the  human 
blood.     Valifr.ieri  and  Conringius  have  likcwife  feen  liv- 
ing fiflies  in  thermal  waters.     Anderfon  witnefled  a  fimi- 
lar  fa6l  in  Iceland.     But  the  moft  furprifing  fa6l  is  that 
of  Sonncret,  who  found  fome  fiflies  in  a  water  at  the 
Manillas  at  the  degree  of  69  of  Reaumur.    From  the  ex- 
periments of  Brouflbnet,  fiflies  did  not  live  at  fo  high  a 
temperature.      Mufchenbroek   had    already   found  that 
fifties  periflied  at  111°  of  Fahrenheit ;  he  even  faw  a  very 
vigorous  perch  die  in  three  minutes  in  a  water  heated  to 
§6^.     He  adds,  that  thefe  animals  lived  very  well  at  7^2'^. 
It  is  very  difficult  to  determine,  in  a  pofitive  manner,  the 
different  degrees  of  heat  each  fpecies  is  able  to  bear ;  they 
differ  not  only  according  to  the  feafon,  but  likewife  ac- 
cording to  the  forms  of  the  organs  of  refpiration. 

On  the  20th  of  June,  1 7  84,  Brouflbnet  put  a  couple  of 
ten-fpined  ftickle-backs  (epinoches)  into  fome  water  at 
a  temperature  of  14°.  This  w-as  gradually  heated,  and  at 
the  end  of  two  hours  and  a  half  the  thermometer  mounted 
to  28°  •.  the  fiflies  then  became  agitated,  but  on  being  cafl: 
into  frefli  water  they  became  well  again  in  a  few  minutes. 
On  the  10th  of  November,  1784,  he  put  a  carp,  fome 
bleaks,  gudgeons,  and  perch,  into  fome  water  of  the  Seine 
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at  5°,  and  the  bottom  of  the  vcfTtl  was  covered  with  fand. 
At  25  minutes  paft  twelve  o'clock  the  tliermomcter  vi-as 
at  6i° ;  at  30  minutes  at  8°,  &c.  This  experiment  lafted 
till  45  minutes  pad  four;  and  he  marked  the  degrees  of 
heat  every  five  minntes,  pouring  fome  frefh  water  into 
•'  the  vefTei  at  different  times  in  fmall  quantities.  At  12°, 
the  fmalleft  fifhes  began  to  rife  to  the  furface  of  the  water, 
became  agitated  and  ill;  yet  the  Seine  water  is  much 
warmer  in  the  fummcr.  At  21°  the  fmall  bleaks  were 
nearly  dead.  At  22*  the  perch  were  motionlefs,  and 
reverfed.  The  gudgeons,  which  were  of  a  larger  fize, 
did  not  appear  to  fuffer  till  23°  ;  whilft  the  carp  was 
not  at  all  agitated,  it's  rcfpiration  being  only  more  fre- 
quent. At  28°,  at  which  point  the  water  was  kept  13 
minutes,  the  carp  began  to  lofe  it's  equilibrium,  and  be- 
came ill ;  it  afterwards  appeared  dead,  and  onlv  came  to 
itfelf  again  after  being  left  a  long  time  in  frefti  water. 
Brouffouet  employed  four  hours  and  a  half  in  bringing 
the  heat  of  the  water  to  28°.  He  is  of  opinion  that, 
with  certain  precautions,  filh  would  live  in  a  water- heated 
beyond  28°. 

^'  On  fuppofing,"  fays  BroufTonet,  ''  as  I  have  reafon 
"  to  believe  from  my  experiments,  that  fifhes  cannot  fup- 
*'  port  water  heated  bcvond  30'";  on  recol1c6ling,  at  the 
"  fame  time,  that  it  is  in^poflible  for  them  to  live  in  a  wa- 
'*  ter  the  temperature  of  which  is  a  few  degrees  below  zero, 
'^  it  would  follow  that  thefe  animals  could  only  live  in  a 
*^  fcale  of  30  degrees  at  mofl;  a  fcale  which,  when  com- 
*'  pared  with  that  fupportcd  bv  warm-blooded  animals, 
'*  will  appear  verv  (liort :  it  will,  however,  always  be  in 
*'  a  ratio  to  the  vital  heat,  which  in  fiflies  is  even  below 
"  that  of  reptiles  and  oviparous  quadrupeds.  Martine  has 
*^  obferved  of  feveral  fait- water  fi flies,  thai  the  heat  of 
'•their  blood  did  not  exceed  the  water  in  which' they 
"  were,  more  tljan  one  degree.  The  fame  experiment  re- 
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^'  repeated  upon  a  trout,  and  other  river-fifh,  afforded  him 
**  the  fame  refult.  Mr.  John  Hunter  faw  the  thermome- 
*'  ter  in  the  fton^ach  of  a  carp  rife  from  6^1°,  which  was 
"  the  temperature  of  the  water,  to  69°,  i.  e.  three  degrees 
"  and  a  half  higher  :  but  it  is  neceflary  to  obferve  that 
'*  the  fi(h  was  then  out  of  the  water;  which  muft  have  a 
if  great  influence  on  the  refult  of  the  experiment." 

Brouffonet  plunged  a  thermometer  into  the  bodies  of 
feveral  fmall  flfhes  of  the  Seine,  which  never  rofe  higher 
than  three  fourths  of  a  degree  beyond  the  temperature  of 
the  water;  fometimes  it  only  increafed  half  a  degree,  par- 
ticularly in  thofe  that  were  ill.  A  pretty  large  eel  although 
weak,  only  caufed  the  thermometer  to  rife  three  fourths 
of  a  degree.  Carp  conftantly  gave  one  degree  more, 
fome  a  degree  and  a  half;  fo  that  it  appears  the  animal 
heat  of  fifhes  is  very  inconfiderable. 

According  to  the  fame  author,  fifties  are  fubjetSt  to  a 
great  lofs  of  animal  heat  by  the  water  continually  extra£l- 
ingit;  fo  that  the  portion  of  this  fluid  immediately  fur- 
rounding  them  is  warmer  than  elfewhere.  It  has  been 
obferved,  that  a  carp  plunged  into  a  mixture  that  foori 
became  congealed,  preferved  around  it  a  certain  quantity 
of  fluid  water,  although  the  rell  was  totally  congealed. 

The  animal  heat  of  fifhes,  no  doubt,  arifes  from 
their  refpiration;  for  the  phenomena  by  which  Lavoifier 
and  de  la  Place  have  explained  it's  produ6lion  in  animals 
living  in  the  atmofphere,  are  obferved  alfo  in  filhes,  but  in 
a  lefs  evident  degree  :  the  difference  of  heat  between  ani- 
mals breathing  air,  and  thofe  which  refpire  water,  is 
more  particularly  remarkable  on  comparing  fifhes  with 
the  cetaceous  order.  Both  inhabit  the  fame  element;  yet 
thofe  with  gills,  that  refpire  water,  have  only  one  degree 
or  one  and  a  half  more  than  the  Vvater  itfelf,  whilfl  the 
cetaceous^order  that  refpire  air  have  their  blood  as  warm 
as  man,      Brouffonet  found    the  body  of  a    porpoife 
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juft  dead  to  be  28J°  in  the  neck,  whilft  the  temperature  of 
the  atmofphcre  was  at  14^,  and  that  of  the  fea-watcr  near 
the  fhore  at  13'°. 

It  alfo  appears  that  fifties  do  not  fiiffer  fuch  extreme  va- 
riations of  cold  and  heat  as  quadrupeds.  The  tempera- 
ture of  the  water,  at  a  certain  depth,  is  almoft  always 
the  fame,  as  appears,  with  refpeft  to  the  fea,  from  the  ex- 
periments of  Marfili  and  Sauffure.  That  of  rivers,  when 
the  furface  is  frozen,  is  a  few  degrees  above  zero  in 
the  middle.  In  great  heats,  the  temperature  of  the  water 
is  always  below  that  of  the  air.  Yet  it  appears  that  thefe 
animals  are  more  fenfiblc  to  a  jrreat  degree  of  heat  than 
of  cold. 

Fifties  are,  however,  afFefted  by  the  variations  of  the 
atmofphere;  and  it  is  to  it's  great  variations  in  tempera- 
ture that  the  emigration  of  that  prodigious  quantity  of  her- 
rings is  to  be  attributed,  which  the  cold  of  the  pole  forces 
annually  to  fcek  more  temperate  feas.  Fifties  likewife 
which  live  near  the  banks,  feel  the  cold  of  the  air,  and  go 
into  deeper  places  to  protect  them  from  it,  where  the 
greater  prtrt  remain  in  a  ftate  of  torpidity,  fimilar  to  what 
bears,  marmots,  and  dormice  undergo  during  the  winter. 
The  ancients  have  given  fome  account  of  this  periodical 
fleep,  whilft  the  moderns  have  fcarcely  obfcrved  it.  The 
fifties  of  this  order  may  be,  however,  known  by  the  great 
length  of  their  body,  the  abfence  of  the  ventral  fins,  and 
the  undulating  motions  they  are  obliged  to  make  to  fup- 
port  themfelvcs  in  the  water. 

It  is  obfcrved  that  water  affefls  the  organs  of  refpira- 
tion  in  fifties,  in  a  greater  variety  of  ways  than  air  adls 
upon  thofe  of  warm-blooded  animals.  Several  individu- 
als, after  having  refpircd  a  certain  quantity  of  water  for 
fome  time,  vitiate  it  fo  much  as  to  be  no  longer  proper  for 
refpiration,  in  the  fame  manner  as  warm-blooded  animals 
change  the  air.     Water,  likewife,  holds  in   fokuion  a 
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greater  number  of  fubftances  than  the  air ;  and  amongft 
thefe  many  are  found  to  be  prejudicial  to  fifties,  by  a^ing 
on  their  refpiratory  organs,  which  more  rarely  happens  to 
animals  living  in  the  atmofphere.     They  are  able,  how- 
ever,  to  relift  fome  of  thefe  changes :  thus,  they  pafs 
from  fait  to  fweet  waters,  and  reciprocally,  without  detri- 
ment; numbers  of  falmon,  ftiads,  lampreys,  &c.  annu- 
ally leave  the  fea  and  mount  the  frefh  water  rivers,  whilfl: 
the  carp  often  quits  the  river  for  the  faltnefs  of  the  ocean- 
BroufTonet  found  that  fifties   are  able  to  live   in  diftilled 
water ;  that  they  at  firft:  ftiowed  figns  of  uneafinefs,  but 
after  fwimming  about  for  fome  time  they  no  longer  ap- 
peared to  fuffer ;  he  thinks  it  moft  probable,  that  by  mov- 
ing about  they  had  caufed  the  water  to  unite  with  a  quan- 
tity of  air  fufficient  for  refpiration.     He,  however,  found 
that  a  fmall  fifti  enclofed  in  a  corked  bottle  containing  a 
pint  of  diftilled  water,  lived  more  than  thirty  hours.   He 
found  that  a  fmall  quantity  of  firup  of  violets,  dropped 
into  the  diftilled  water  in  which  were  living  fifties,  at  firft 
underwent  no  change  of  colour :    it  became  foniewhat 
green  afterwards,  arifing  perhaps  from   the  alkaU  of  the 
mucus  with  which  they  are  covered,  and  which  always 
mixes  with  the  water.     A  drop  of  acid  of  arfenic  in  a 
large  quantity  of  water   immediately  killed  a  very  ftrong 
fifti.     Water  flightly  impregnated  with  fixed  air  deftroyed 
a  fimilar  fifti  in  a  few  minutes.     Plunged  into  lime  water 
they  likewife  very  foon  died.     It  was  well  known  that  by 
throwing  lime  into  water  fiftiermen   are  accuftomed  Vi 
deftroy  the  fifties  ;  and  by  feveral  other  fubftances  the  fame 
is  effected.  Thus,  in  the  Indies  the  juices  of  fevera}  fpecic.--' 
of  plants  are  made  ufe  .of.     In  the  fouth  of  France  the 
milky  juice  of  the  euphorbia  characias  of  Linnaeus,  which 
grows  there   in  great  abundance  in  uncultivated  places, 
is  employed  for  the  fame  purpofe.     It  is  by  aftedmg  lh«£ 


143 


144  I,IFH. 

refpiratory  organs  of  thcfc  animals  that  their  death  is  oc- 
cafioned. 

B«j;.  w/'c  are   informed  bv   Bell  (in  contradiction  to  what 

Brouffone-t  has  f;iid),  that  if  there  be  no  air  in  the  water 
in  which  firtics  are,  or  not  in  fuHicicnt  quantity  for  thetn 
to  breathe,  they  die;  that  diuillcd  water  is  to  thefe  ani- 
mals what  the  vacuum  of  an  air-pump  is  lo  an  animal 
that  rcfjiires  air  in  the  atmofphere  ;  that  if  you  exhaufl: 
water  of  it's  air  by  a  pump,  or  boil  or  diilil  it,  or  by  any 
other  means  deprive  it  of  it's  air,  fi flies  are  no  longer  able 
to  breathe  in  it ;  that  they  rife  to  the  furface  and  gafp  for 
air;  and  that  on  extra6ling  the  air  from  water  in  which 
fiflies  have  refpired,  it  is  found  to  be  contaminated  exa6lly 
in  the  fame  manner  as  air  refpired  by  warm-blooded  ani- 
mals; and  that  it  differs  very  little  from  that  in  which  a 
candle  has  fpontaneoufly  become  extinguifhcd  ;  which, 
according  to  this  author,  are  fufficient  fails  to  prove  that 
the  gills  of  thefe  animals  perform  the  fame  fun6lions  of  a 
real  refpiraJtion  as  the  lungs  of  a  man  and  quadrupeds, 
which  extract  the  oxygen  from  the  atmofphere. 

For  more  fatisfa6tory  information  refpefting  the  refpi- 

Davy.  ration  of  fiflies,  we  are  indebted  to  Davy;  for,  as  it  has 
been  fuppofed  that  fiflies  dccompofe  both  water  and  oxy- 
gen gas,  he  made  the  following  experiments  to  afcertain 
the  truth. 

ifl  Experiment.  He  expelled,  by  long  boiling,  the 
atmofpheric  air  from  64  cubic  inches  of  fea-water :  he 
then  excluded  it  from  the  air  by  means  of  mercury. 
Having  then  introduced  a  fmall  mullet,  it  was  in^lantly 
conYulfed,  and  died  in  a  few  minutes. 

2d  Experiment.  A  quantity  of  water  was  freed,  by 
boiling,  of  it's  atmofpheric  air :  two  receivers,  each  of 
the  capacity  of  36  cubic  inches,  were  filled  with  this 
water  :  into  one  of  thefe  two  cubic  inches  of  nitrogen 
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Avere  introduced,  into  the  other  two  of  phos-oxygen.  By 
lonor  and  conftant  agitation  the  gafes  were  diffolved  by 
the  water,  which  was  excluded  from  the  conta6t  of  air 
by  mercury.  Into  each  of  the  receivers  two  minnows 
were  introduced.  Thofe  in  the  water  holding  nitrogen 
in  folution  died  in  about  four  minutes,  thofe  in  the  water 
holding  phos-oxygen,  in  folution  appeared  totally  unin- 
jured, and  when  examined,  after  fome  hours,  were  flill 
alive  and  healthy. 

3d  Experiment.  The  fame  receivers  ufed  in  the  laft 
experiment  were  filled  with  diflilled  water  freed  from  at- 
mofpheric  air  by  a  fecond  boiling.  Into  each  of  thefe, 
three  cubic  inches  of  phos-oxygen  were  introduced.  The 
receivers  were  then  agitated  for  fome  tiitie,  till  the  water 
in  each  of  them  had  diflblvcd  an  equal  quantity  of  gas; 
they  were  then  inverted  in  a  trough  of  mercury,  fo  as  to 
exclude  atmofpheric  air  from  them.  Four  minnows  were 
then  conveyed  into  one  of  them  through  mercury.  The 
receivers  were  now  fuffered  to  remain  untouched  for  fix 
hours,  when  they  were  examined.  The  minnows  were 
alive,  and  no  gas  remained  in  the  top  of  the  receiver  in 
which  they  had  refpired.  The  gas  in  the  top  of  the  other 
receiver  remained  nearly  the  fame  as  at  the  commencement 
of  the  experiment.  A  quantity  of  lime-water  was  poured 
into  each  of  thefe  receivers ;  in  that  in  which  the  fifhes 
had  exirted  there  was  a  very  perceptible  cloudinefs,  occa" 
fioned,  as  Davy  fuppofed,  by  the  formation  of  carbonat 
of  lime ;  in  the  other  there  was  no  perceptible  change. 

From  thefe  experiments  Davy  concludes,  that  the 
venous  blood  in  the  gills  of  fifhes  is  phos-oxydated  by  the 
phos-oxvgen  held  in  folution  by  water;  and  tbat  carbonic 
acid,  and  probably  water,  are  given  out  as  excrementitious 
by  the  venous  blood  in  their  gills.  With  refpc(St  to  the 
decompofition  of  water  by  fiflies  iu  refpiration,  as  there  ij 
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no  evidence  of  hydrogen  being  formed,  there  can  be  no 
rcafon  for  the  fiippofition. 

Refp'iraiion  »f  Ji-fxh. — From  Uic  nnich  greater  length 
of  time  infL-Cls  are  capable  of  exilling  than  other  animaU 
in  carbonic  acid  gas,  and,  according  to  Dr.  Pritllley,  ia 
air  infc;l-lcd  by  putrid  eflluvia,  it  had   been  fuppofcd  by 
fomephvfiologiftsthat  this  elafs  of  animals  either  had  the 
power  of  living  a  certain  time  without  breathing,  or  that 
thev  had  not  the  fame  occafion  for  it  as  others  whofe  re- 
fpiratlon  is  well  underftood.     It  had  not  been  confidered, 
that  as  infecls,  from  their  habits  of  life,  arc  accuftomecl 
to  live  in  places  where  the  air  is  in  a  ftate  of  great  impu- 
rity, they  would  not  be  fo  liable  to  experience  it's  bad 
cfte6ls,  as  thofc  who  conftantly  breathe  a  purer  atnio- 
fjjhere :  nor  was  it  well  underftood  by  what  means  thi.i 
fun&ion  was  carried  on  in  this  moft  numerous  part  of  the 
animal  kingdom. 
Scheie  ^nd      It  was,  indeed,  a^  fa6b  acknowledged  by  Scheele  and 
''"^^^    '     Bergm.an,  that  infefts,  the  fame  as  other  animals,  con- 
verted vital  air  into  mephitic  gas  by  the  a6l  of  refpiration  ; 
but  no  experiments  of  any  confcquence  had  taken  place 
on,Jhis  fubjeCt  before  thofc  of  Vauquelin,  at  leaft  they 
were  by  no  means  fo  fatisfaclory.     It  is  now  well  known 
that  the  funftion  of  refpiration  is  not  performed  by  thu 
mouth  of  infccl^,  by  which  they  differ  very  much  from 
warm-blooded  animals,  and  that  they  have  not  like  them 
a  pulmonary  organ  into  which  the  blood  pafles  to  receive 
the  influence  of  the  air  from  the  atinofphere. 

It  is  now  well  underftood,  that  infecls  take  in  this  cle- 
ment by  means  of  certain  openings  or  holes,  to  which 
entomologifts  have  given  the  name  of  ftigmata,  from  their 
rctemblance  to  fo  many  fi)ots  on  the  furface  of  their  body. 
,  Thcfe  ftigmata  are  of  various  forms  ;  fometimes  they  are 
vovmd,  fometimes  oval,  but  in  general  thev  arc  lengthened 
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iikc  a  button-hole.  With  rcfpcvSl  to  the  number,  it  varies 
according  to  the  nature  and  fize  of  the  animal. 

The  experiments  ofVauquelin  were  made  an  the  grafs-  Va'jc/jciii. 
hopper  (grylltis  viridiffinnis),  the  red  flug  (limax  flavus), 
and  the  fnail  (helix  pomaHa  of  Linneeus).  The^r^i- 
bopper  has  24  flii^mata  difpofcd  in  four  rows,  parallel  and 
exterior  to  the  two  v  hite  lines  placed  longitudinally  on  the 
middle  of  it's  belly,  and  the  motions  of  infpiration  and 
expiration  are  well  marked,  ^";u^quelin  found  that  this 
animal  died  inimediatelv  on  being  put  into  fulphureons 
hydrogenous  gas.  In  fix  cubic  inches  of  pure  air  it  exiftcd 
18  hours,  and  in  eight  of  common  air  3G  hours:  he 
found  that  oxygen  gas  was  indifpcniablv  necelfary  to  the 
life  of  this  infecl;;  that  as  foon  as  there  no  longer  remains 
any  or  very  little  of  this  gas  in  the  atmofpheric  air,  it 
immediately  dies.  The  atmofpheric  air  in  which  feveral 
had  died  was  found  to  contain  fcarcely  any  remnant  of 
oxvgen  gas  :  but  whatever  number  were  fullered  to 
breathe  until  their  complete  afphixv,  it  was  not  obferved 
that  they  had  entirely  converted  the  vital  air  into  carbonic 
acid  t  they  appeared  conftantly  to  die  before  this  cnnvcr- 
fion  was  complete.  He  attributes  this  to  the  fenfibililv  of 
the  animal  for  the  carbonic  acid  iras,  which  deftroys  it 
when  in  larfje  proportion  a5  well  as  azot  gas. 

The  refpiratory  organs  of  the  red  ftug  have  not  as  vet 
been  difcovered  by  anatomills  j  but \''auquclin  looks  upon 
them  to  be  the  lateral  openings  of  this  animal,  which  are 
feen  to  dilate  and  contract.  This  Aug,  (mi  being  put  into 
12  cubic  ineherof  atmofpherical  air,  died  in  48  hours; 
and  not  the  leaft  appearance  of  oxygen  gas  was  found 
afterwards,  the  remair.ing  air  pr«''cii)itatinp;  lime  water; 
which  proves  that  ilwas  entirely  converted  into  fixed  air. 
This  chemift  was  much  alloniflied  to  find  how  completely 
this  animal  had  analyfed  tlie  atmofpherical  air,  having 
never  difcovered  the  Itall  trace  of  ■.•ital  air  in  the  rv;fiJuuni 
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of  that  refpircd,  when  examined  by  means  of  phofphoras. 
*'  Hence,"  fays  lie,  "  it  appears  that  worms  have  in  their 
"  refpiratory  organs  a  great  power  of  feparating  the 
**  oxygen  gas  from  the  particles  of  azot  gas  with  which 
*'  it  is  on  all  fides  furrounded,  and  that  they  have  no  oc- 
'  "  cafion  for  a  large  quantity  of  oxygen  at  one  time  3  thai 
"  they  are  able  to  remain  for  fome  time  without  refpi- 
**  ring  in  the  ordinary  way  J  and,  thirdly,  that  they  are 
*'  not  very  fenfible  to  the  influence  of  carbonic  acid  gas 
**  formed  in  the  refpircd  atmofpherical  air,  and  of  the  azot 
"  gas  left  naked,"  A  Aug  confumed  in  48  hours  3.36 
inches  of  oxygen  gas,  when  it  immediately  rolled  itfelf 
up,  emitting  from  all  parts  a  milky  liquor,  and  died. 

In  fulphureous  hydrogenous  gas  a  Aug  fliowed  no  figns 
of  life  in  about  half  an  hour;  which  proves  that  worjjns 
cannot  exifl  in  an  elaftic  fluid  containing  no  oxygen  gas, 
although  of  all  animals  they  appear  from  their  manners 
of  life  to  have  the  leaft  occafion  for  it. 

With  refpeft  to  the  lafl:  animal,  the  fnail,  it  lived  four 
days  in  12  cubic  inches  of  atmofpherical  air.  The  oxy- 
gen of  this  air  was  found  to  be  entirely  abforbcd,  or 
deprived  of  it's  natural  principle;  for  the  azot  gas  re- 
maining did  not  contain  an  atom  of  it,  the  refiduum  like- 
wife  contained  carbonic  acid.  That  the  death  of  this 
animal  was  owing  to  the  want  of  oxygen,  and  not  to  the 
want  of  food,  he  proved  by  finding  that  others  of  the 
lame  f^>ecies  were  able  to  live  feveral  months  without  any 
food. 

From  thcfe  experiments  it  appears, 

ift.  That  infe«5ls  and  worms  refpire  oxygen  gas  like 
warm  blooded  animal?,  and  that  like  them  they  convert  it 
into  water  and  carbonic  acid. 

Cd.  That  this  principle  is  abfolutcly  necefliary  in  their 
vofjuration,  and  that  they  die  when  deprived  of  it. 
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3d.  That  every  other  elallic  fluid,  except  oxygen  gas, 
is  unfit  for  their  refpiration. 

4th.  That  worms,  and  particularly  the  red  Aug  and  the 
efculent  fnail,  appear  to  have  very  extraordinary  refpira- 
tory  powers,  and  very  little  fenfibility  for  the  prefence 
of  carbonic  acid,  fince  they  feparate  all  the  vital  air  from 
the  azot  gas,  and  from  the  carbonic  acid  which  is  formed; 
and  that  they  only  perifli  when  there  no  longer  remains 
any  oxygen  gas. 

5th.  That  this  property,  Vauquelin  thinks,  may  render 
thefe  laft  animals  very  ufeful  as  an  eudiometer,  by  of- 
fering a  proper  means  of  exactly  fcparating  the  oxygen 
gas  from  the  azot  gas,  and  confequently  of  affording  a 
perfeft  knowledge  of  the  proportions  of  the  principles 
of  the  atmofpherical  air,  or  of  a  vital  air,  the  degree  of 
purity  of  which  may  be  required. 

Davy  has  difcovered,  by  experiments  fimilar  to  thofe  Da\-5':. 
made  upon  fiflies,  that  the  zoophytes  have  their  refpira- 
tion governed  by  fimilar  laws;  that  they,  like  fifhes,  ab- 
forb  the  phos-oxygen  held  in  folution  by  water,  as  well 
as  portions  of  nitrogen ;  and  thus,  in  their  chemical  at- 
traftions  as  well  as  in  their  organic  powers,  they  feem  to 
form  the  conne6ling  links  between  animals  and  vegetables.- 

There  now  remains  to  give  an  account  of  the  experi- 
ments and  conclufions  of  this  laft  author  on  the  nitrous 
oxyd,  and  fome  other  gafes,  which  he  made  upon  him- 
felf  and  various  animals,  forming  a  curious  mafs  of  in- 
formation. 

This  ingenious  experimentalifl  begins  by  explaining^ 
the  word  rcfpirahle;  which  term  he  employs  to  denote 
thofe  gafes  capable  of  being  taken  into  the  lungs  by  vo- 
hmtary  efforts.  On  the  contrary,  nonrefp'irable  gafes, 
when  applied  to  the  external  organs  of  refpiration,  ftimu- 
late  the  mufcles  of  the  epiglottis  in  fuch  a  way,  as  to  keep 
it  perfe<Stly  dole  on  the  glottis,  which  prevents  the  fmallcft 
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panicle  of  gas  from  entering  into  the  bronchia,  in  fpue 
of  vokintarv  exertions.  Oik-  unlv  has  the  power  of  iini- 
forrnh'  fupporting  Hfc — atmofphcric  air.  Other  gafes, 
■when  refpired,  fooner  or  later  produce  death,  but  in 
dif^'ercnt  modes.  Some,  as  nitrogen  and  hydrogen,  eftedt 
no  pofitive  change  in  the  venous  blood.  Animals  im- 
incrfed  in  thcfe  gafes  die  of  a  difeafe  produced  by  privation 
of  atmofpheric  air,  analogous  to  that  oecafioned  by  their 
fnbnicrfion  in  water  or  nonrefpirable  gafes.  Others,  as 
the  different  varieties  of  hvdrocarbonat,  deftroy  life  by 
producing  feme  pofitive  chtuige  in  the  blood,  which  pro- 
bably immediately  renders  it  incapable  of  fupplying  the 
nervous  and  miifcular  fibres  with  principles  eilential  to 
fenfibilitv  and  irritabilitv.  Oxygen,  which  is  capable  of 
being  refpired  for  a  nnich  greater  length  of  time  than  any 
other  gas,  except  common  air,  finally  deftroy  life;  firil 
producing  changes  in  the  blood,  conne6led  with  new 
living  a5iion. 

In  making  his  experiments,  Davy  made  ufe  of  a  large 
mercurial  air-holder,  the  invention  of  Clayfii^ld  :  in  it's 
form  it  is  analogous  to  Watt's  hydraulic  bellows,  confift- 
ing  of  a  glafs  bell  plaring  under  the  preflure  of  the  atmo- 
fphcre,  in  a  fpace  between  two  cylinders  filled  with  mer- 
cury. The  inftrument  was  graduated  to  the  cubic  inch 
of  Everard,  and  furniflied  with  a  ftop-eock. 

To  afccrtain  the  changes  eflc'Aed  bv  refpi ration,  the 
flop-cock  having  a  very  large  orifice,  curved  and  flattened 
at  it's  upper  extremity,  formed  an  air-tight  mouth-piece. 
By  accuriUelv  clofing  the  nofe,  and  bringing  the  lips  tight 
on  this  mouth-piece,  after  a  few  trials,  he  was  able  to 
breathe  oxygen  or  common  air  for  two  minutes  or  two 
ininutes  and  a  half,  without  any  other  uneafy  feeling  than 
tha^  produced  by  tlic  inclination  of  the  neck  and  cheft  to- 
.  wards  the  cylinder  :  but  the  power  of  uniformly  exhduft- 
iwg  the  lungs  and  fauces  to  the  fame  extent,  required  O; 


RESPinATION.  i5'l 

longer  time.  At  lad,  by  preferving  exaiSlly  the  fame  pof- 
ture,  after  exhauftion  of  the  lungs  before  the  infpiraiion 
of  the  gas  to  be  experimented  upon,  and  durmg  it's  com- 
plete expiration,  he  found  he  could  always  retain  neailv 
the  fame  quantity  of  gas  in  the  bronchial  veflels  nnd 
fauces,  the  difference  in  the  volume  expired  at  dilllrcnt 
times  never  amounting  to  a  cubic  inch  and  half. 

By  conneAing  the  conducting  pipe  of  the  air  holder, 
during  the  refpiration  of  the  gas,  with  a  fmall  trough  of 
mercury  by  means  of  a  curved  tube,  it  became  a  perfeft 
and  excellent  breathing  machine:  for,  bv  exerting  a  cer- 
tain prefilire  on  ihe  air  holding  cylinder,  it  was  eafy  to 
throw  a  quantity  of  gas,  after  every  ini''piration  or  expira- 
tion, into  tubes  filled  with  mercury  (landing  in  the  trouoh. 
In  thefe  tubes  it  couldbe  accurately  analyfed,  and  thus  the 
changes  taking  place  at  different  periods  of  the  procefs 
afcertained. 

Davy  was  ilrfl  induced  to  the  examination  of  this  ffas,  Nitr-.u^ 
or  the  dephlogifticated  nitrous  gas  of  Dr.  Prieftlev,  from  °^'  ' 
Mitchill's  Theory  of  Contagion,  v^'hich  is  looked  up<in 
by  the  experimentalift  as  fallacious.  In  1799  he  bc^'an 
the  inveftigation  :  but  a  coniiderablc  time  elapfcd  before 
he  was  able  to  procure  the  gas  in  a  fhite  of  puritv, 
and  his  firfl:  experiments  were  made  on  the  mixtures  of 
nitrous  oxvd,  nitrogen,  and  nitrous  gas,  which  are  pro- 
duced during  metallic  folutions.  Dr.  jNIitchill  attempted 
to  prove  that  this  gas,  which  he  calls  oxyd  of  fepton,  i^ 
the  principle  of  contagion  (u/rt'^  art.  Miafmata),  and  ca- 
pable of  producing  the  mofl  terrible  eflcCils  when  refpired 
by  animals  in  the  minutefl:  quantities,  or  even  when  ap- 
plied to  the  fl:in  or  mufcular  fibre.  ]3avv,  howcvvT,  on 
making  a  few  coarfe  experiments  on  fmall  quantities  of 
the  gas  procured  from  zinc  and  diluted  nitrous  acid,  found 
that  wounds  were  expofed  to  it's  aAion,  and  the  bodies  of 
aqimals  immerfed  in  it,  without  injury  ;  ;iid  that  he  was 
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able  to  breathe  it,  but  with  remarkable  effe^ls.  He  often 
breathed  a  quart  of  it,  or  even  two  quarts,  mingled  nith 
more  than  equal  parts  of  oxygen  or  common  air  In  the 
nioft  decifive  of  Ihefe  trials,  it's  cfTedls  appeared  to  be 
deprcfling,  and  he  in.igined  it  produced  a  tendency  to 
fainting;  the  pulfe  was  rendered  flower  under  it's  opera- 
tion. He  then  infpired  the  pure  gas  ;  and  as  it  pafled 
through  the  bronchia  v/ithout  ftimulating  the  glottis,  and 
produced  no  uneafy  ft' ling  in  the  lungs,  it  proved  the 
nitrous  oxyd  to  be  refpirable. 
Method  of  The  pure  nitrous  oxyd  was  procured  by  the  decompo- 
pro  u,i"g  fjtiQjj  of  nitrat  of  ammonia,  in  a  tempt  ralure  not  exceed- 
ing 440°.  200  grains  of  compa£l  nitrat  of  ammonia  were 
introduced  into  a  glafs  retort,  and  decompofed  flowly  by 
the  heat  of  a  fpirit  lamp.  The  firft  portions  were  re- 
je6led,  and  the  lafh  received  in  jars  containing  mercury. 
This  gas,  when  colle£led,  exhibited  the  following  pro- 
perties : 

a.  Acandle  burnt  in  it  with  a  brilliant  flameand  crack- 
It's  proper- 
ties,          ling  noife.     Before  it's  extinftion,  the  white  inner  flame 

became  furrounded  with  an  exterior  blue  one. 

b.  Phofphoru.?  introduced  into  it  in  a  ftate  of  inflam-^ 
mation  burnt  v/itb  infinitely  greater  vividnefs  than  be- 
fore. 

c.  Sulphur  introduced  into  it  when  burning  with  a 
feeble  blue  flame,  was  inftanlly  extinguiflicd  ;  bul  when 
in  a  flatc  of  a<Stive  inflammation  (i.  e.  forming  fulphuric 
acid)  it  burnt  with  a  beautiful  and  vivid  rofe  coloured 
flame. 

d.  Inflamed  charcoal  deprived  of  hydrogen  intro- 
duced into  it,  burr^t  with  much  greater  yividnefs  than  in 
the  atmofphere. 

e.  Iron  burned  with  great  yividnefs,  arid  threw  out 
bright  fparks,  as  in  oxygen. 

y.  Thirty  meafures  of  it  expofed  to  water  prevloufly 
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Jbolled  was  rapidly  abforbed  :  when  the  diminution  was 
complete,  rather  more  thana  meafure  remained, 

g.  Pure  water  faturated  with  it  gave  it  out  again  on 
ebullition,  and  the  gas  thus  produced  retained  all  it's 
former  properties. 

h.  It  was  abforbed  by  red  cabbage  juice,  but  no  altera- 
tion of  colour  took  place. 

;.  It's  tafte  was  diftin6lly  fweet,  and  it's  odour  flighty 
but  agreeable. 

j.  It  underwent  no  diminution  when  mingled  with 
oxygen  or  nitrous  gas. 

After  the  abforption  of  the  nitrous  oxyd  by  water,  there 
remained  another  gas  ;  on  examining  which  it  appeared 
reafonable  to  conclude, 

1ft.  That  the  refidual  gas  of  nitrous  oxyd  is  air  pre- 
vioufly  contained  in  the  water  (which  in  no  cafe  can  be 
perfedly  freed  from  it  by  ebullition),  and  liberated  by  the 
ftronger  attraction  of  that  fluid  for  nitrous  oxyd. 

2d.  That  nitrat  of  ammonia  at  temperatures  below  440** 
is  decompounded  into  pure  nitrous  oxyd  and  fluid, 

3d.  That  in  afcertaining  the  purity  of  nitrous  oxyd 
from  it's  abforption  by  water,  correftions  ought  to  be 
made   for  the    ^aantily  of  gas  difpelled  from  the  water ;  ' 

this  quantity  in  common  water  diftilled  imder  mercury 
being  about  -^i  th ;  in  water  (imply  boiled  and  ufed  when 
hot  about  ^'-ih,  and  in  common  fpring  water  -y^th. 

It's  fpecific  gravity;  accounting  for  the  fmall  quantity  of  ifs  fpsrifip 
common  air  contained  in  it  (igo  cubic  inches  of  it  contain-  ^'■""y- 
ing  about  ^-^ih  of  common  air,  introduced  from  the  mer- 
curial air  holder  into  an  exhaufted  globe,  which  increafed 
it  in  weight  44. TA  grains,  the  thermometer  being  5Q^ 
and  atmofpheric  preflure  30.7) ;  was  concluded  to  be  fiich, 
that  100  cubic  inches  weigh  50,1  grains  at  temperature 
50°,  and  at  atmofpheric  preflure  37, 
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It  IS  compofed  of  oxygen  and  nitrogen ;    for,  drawing 

conclufions  from  the  quantity  of  carbonic   acid   formed, 

2.5  grains  of  nitrous  oxyd  are  compofed  of  .82  oxygen, 

and  1.68  nitrogen  ;   or  100  grains  of  nitrous  oxyd  contain 

Rcfplred      37  of  oxyffen,    and  63  of  nitrogen.     On  makinsr  exne- 

by  warm-       .  ^  &      '  _  o  to         1 

Hooded  rinients  on  the  rcfpiration  of  nitrons  oxyd  by  warm 
blooded  animals,  it  was  procured  as  above  related,  and 
received  in  large  jars  filled  with  water  previouflv  faturatcd 
with  the  gas.  The  animal  was  introduced  into  the  jar  by 
being  carried  under  the  water,  by  which  it  fuffers  little 
or  nothing  :  after  it's  introduftion,  the  jar  was  made  to 
reft  on  a  Ihelf  about  half  an  inch  below  the  furface  of  the 
water,  and  the  animal  carefully  fupported  fo  as  to  prevent 
it's  mouth  from  refling  in  the  water.  The  animals  ex- 
perimented upon  vi'ere  the  cat,  dog,  rabbit,  guinea  pig, 
moufe,  and  goldfinch. 

In  each  of  thefe  experiments  a  certain  abforption  of 
the  gas  was  alwavs  perceived,  the  water  riling  in  the  jar 
during  the  refpiration  of  the  animal.  From  thefe  it  ap- 
pears, 
yt'3  cfFefts.  j^^  That  nitrous  oxyd  is  deftruAive,  when  refpired  for 
a  certain  time,  to  the  warm  blooded  animals,  apparently 
previoufly  exciting  them  to  a  great  extent. 

2d.  That  VI hen  it's  operation  is  flopped  before  complete 
exhauftion  is  brought  on,  the  healthv  living  a£lion  is  ca- 
pable of  being  gradually  rejiroduccd,  by  enabling  the  ani- 
mal to  refpire  atmofi)heric  air. 

3d.  Exhauftion  and  death  are  produced  in  the  fmall 
animals  by  nitrous  oxyd  fooncr  than  in  the  larger  ones, 
and  in  young  animals  of  the  fame  fpecies,  in  a  fhorter 
time  than  in  old  ones. 

He  found  that  animals  live  at  leaft  twice  as  long  in  ni- 
trous oxyd  as  thev  do  in  hvdroocn  or  uater ;  confequently, 
there  was  every  rcafon  to  fuppofe  from  this  circumflaace 
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alone,  that  their  death  in  nilrous  oxyd  could  not  depend 
on  the  fimple  privation  of  atmofphcric  air  :  but  that  it 
was  owing  to  fome  peculiar  changes  effe6led  in  the  blood 
by  the  gas. 

The  external  appearance  of  animals  that  have  been  de-  O"'^''^"'^" 
flroyed  in  nitrous  oxvd  is  very  little  different  from  that 
of  thofe  killed  by  privation  of  atmofpheric  air.  The 
fauces  and  tongue  appear  of  a  dark  red,  and  the  eyes  are 
dull  and  a  little'  protruded.  Their  internal  organs,  how- 
ever^  exhibit  a  very  peculiar  change  :  the  lungs  are  a  pale 
brown  red,  and  covered  here  and  there  with  purple  fpots ; 
the  liver  is  of  a  very  bright  red,  and  the  mufcular  fibre  in 
general  dark.  Both  the  auricles  and  ventricles  of  the 
heart  are  filled  with  blood.  The  auricles  contrail  for 
minutes  after  the  death  of  the  animal.  The  blood  in  the 
left  ventricle  and  the  aorta  is  of  a  tinge  between  purple 
and  red,  whilft  that  in  the  right  ventricle  is  of  a  dark  co- 
lour, rathermore  purple  than  the  venous  blood.  Thefe 
£}ppearances  are  fimilar  to  thofe  obferved  by  Dr.  Beddoes 
in  animals  that  had  been  made  to  breathe  oxygen  a  great 
length  of-  time. 

From  other  experiments  on  the  refpiration  of  mixtures 
of  nitrous  oxvd  and  other  gafcs,  and  on  recapitulating 
thofe  before  mentioned,  it  appears, 

1.  That  warmblooded  animals  die  in  nitrous  oxyd  in-  Recapiaiia- 
finitely  fooner  than  in  common  air  or  oxvgen ;    but  not 

nearly  in  fo  fhort  a  time  as  in  gafes  incapable  of  effe6ling 
ppfitive  changes  in  the  venous  blood,  or  in  nonrefpirable 
gafes. 

2.  The  larger  animals  live  longer  in  nitrous  oxyd  than 
the  fmaller  ones,  and  young  animals  die  in  it  fooner  than 
old  ones  of  the  fame  fpecies. 

3.  When  animals,  after  breathing  nitrous  oxvd,  arc 
removed  from  it  before  complete  exhauftion  has  takeu 
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place,  they  are  capable  of  being  reftBred  to  health  under 
the  action  of  atmofpheric  air. 

4.  Peculiar  changes  are  cflTc^led  in  the  organs  of  ani- 
mals by  the  refpiration  of  nitrous  oxyd.  In  animals  de- 
ftroyed  by  it,  the  arterial  blood  is  purple  red,  the  lungs  are 
covered  with  purple  fpots,  both  the  hollow  and  compadl 
mufcles  are  apparently  very  irritable,  and  the  brain  is  dark 
(Sol  cured. 

5.  Animals  are  deflroyed  by  the  refpiration  of  mix- 
tures of  nitrous  oxyd  and  hydrogen,  nearly  in  the  fame 
time  as  by  pure  nitrous  oxyd  :  they  are  capable  of  living 
for  a  great  length  of  time  in  nitrous  oxyd,  mingled  with 
very  minute  quantities  of  oxygen  or  common  air. 

Amptiit.i-  As  it  appeared  that  the  nitrous  oxyd  deftroyed  warm 
ou»«nima  s.  j^j^^qJ^jJ  animals,  by  increafing  the  living  a£lion  of  their 
organs  to  fuch  an  extent  as  finally  to  exhauft  their  irrita- 
bility and  fenfibility  ;  it  was  reafonable  to  conje£lure  that 
the  cold  blooded  animals,  poflefled  of  voluntary  power 
over  refpiration,  would  fo  regulate  the  quantity  of  nitrous 
oxyd  applied  to  the  blood  in  their  lungs,  as  to  bear  it's 
a£tion  for  a  great  length  of  time.  But  this  conjecture,  on 
experiment,  was  found  to  be  erroneous. 

From  the  experiments  upon  them,  it  appears  that  wa- 
ter lizards,  and  moft  probably  the  other  amphibious  ani- 
mals, die  in  nitrous  oxyd  in  a  much  fhorter  time  than  in 
hydrogen,  or  pure  water;  confequently,  their  death  in  it 
cannot  depend  on  the  fimple  privation  of  atmofpheric  air. 
Fiihcs.  It  was  expected  that  fifties,  like  amphibious  animals, 

would  have  been  very  quickly  deftroyed  by  the  aftion 
of  nitrous  oxyd ;  but  although  water  faturated  with 
nitrous  oxyd  had  no  pofitive  effects  upon  them,  they 
ought,  according  to  Davy,  to  die  in  it  much  fooner  th^a 
in  water  deprived  of  air  by  ebullition.  From  theii-  living 
in  it  rather  longer,  it  may  be  concluded,  that  they  are  dc- 
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ftroyed  not  by  privation  of  atmofpherlc  air,  but  fromfo'me 
pofitive  change  effected  in  their  blood  by  the  gas. 

He  had  long  ago  obferved,  that  the  gills  of  fifhes  be- 
came rather  of  a  lighter  red  during  their  death  in  the  at- 
mofphere,  and  conjeflured  that  the  difeafe  of  which  they 
died  was  probably  hyperoxygenation  of  the  blood  con- 
neiSted  with  highly  increafed  animal  heat.     For  not  only 
is  oxygen  prefented  to  their  blood  in  much  larger  quantities 
in  atmofpheric  air  than  in  it's  aqueous  folution,  but  like- 
wife  in  a  ftate  in  which  it  contains,  to  ufe  common  lan- 
guage, much  more  latent  heat.  Without,  however,  lay- 
ing any  ftrcfs  on  this  fuppofition,  he  had  the  curiofity  to 
try  whether  thornbacks  would  live  longeft  in  atmofphe- 
ric air  or  nitrous   oxyd.     In  one  experiment  they  ap- 
peared to  die  in  them  nearly  in  the  fame  time.     In  ano- 
ther, the  fifh   in  nitrous   oxyd  lived  nearly  half  as  long 
again  as  that  in  atmofpheric  air.  The  winged  infers  fur-  Infe£l5, 
niflied  with  breathing  holes  became  motionlefs  in  nitrous 
oxyd  very   fpeedily  :  being,  however,  poflefTed  of  a  cer- 
tain voluntary  power  over  refpiration,  they  fometimes 
recover,  after  having  been  expofed  to  it  for  fome  minutes, 
under  the  action  of  atmofpheric  air.     A  butterfly  died  in 
nitrous  oxyd  in  fix  minutes ;  in  hydrogen,  in  five  minutes. 
A  large  fly  became  motionlefs  in  nitrous  oxyd  in  half  a 
minute;  in  hydrogen,  in  a  quarter  of  a  minute;    in  hy- 
dro-carbonat  it  dropped  immediately  fenfelefs.     Flies  live 
-much  longer  under  water,  alcohol,  or  oil,  than  in  non- 
refpirable  gafes,  or  gafes  incapable  of  fupporting  life.     A 
certain  quantity  of  air  always   continues  attached  in  the 
fluid  to  the  fine  hairs  furrounding  their  breathing  holes, 
futficient  to  fupport  life  for  a  fliort  time. 

Snails  and  earth  worms  live  in  nitrous  oxyd  a  long  snaiis  an* 
wh'le;  they  die  in  it,  however,  much  fooner  than  in  wa-  ^yrms. 
ter  or  hydrogen,  probably  from  the  fame  caufes  as  am- 
phibious animals. 
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Havlrig  difcovcred  that  the  nitrous  oxyd  was  rcfpirablt, 
the  next  thing  was  to  inveftigatc  the  changes  ffiec^^cd  in 
it  by  the  venous  blood  j  and  llnding  that  the  refidual  gas 
of  nitrous  oxyd,  after  it  hadjjecn  breathed  for  fome  time  in 
filk  bagSj  was  chiefly  nitrogen,  the  conjecture  at  firft  was, 
that  the  nitrous  oxyd  was  deeompofed  in  refpiralion  in  the 
fame  manner  as  atmofpheric  air,  and  it's  oxvgcn  only 
combined  witli  the  venous  blood  :  but  experiments  proved 
the  contrary  j  for  it  was  found. 
It's  ffF.<5is  ift.  That  when  nitrous  oxyd  is  agitated  in  fluid  venous 
fcbod."""^  blood,  a  certain  portion  of  the  gas  is  abforbed,  wliillt  the 
colour  of  the  blood  changes  from  dark  red  to  red  purple. 

2d.  That  during  the  abforption  of  nitrous  oxyd  by  the 
venous  blood,  minute  portions  of  nitrogen  and  carbonic 
acid  are  produced,  either  by  evolution  from  the  blood,  or 
from  a  decompofition  of  part  of  the  nitrous  oxyd. 

3d.  That  venous  blood  impregnated  with  nitrous  oxyd 
is  capable  of  oxygcna'.ion  ;  and,  vice  vnfa^  that  oxyge- 
nated blood  may  be  combined  with  nitrous  oxyd. 
Changes  in  To  afccrtain  accurately  the  changes  eflie6led  in  nitrous 
oxyd'u"^  oxyd  by  refpiration,  a  large  mercurial  air  holder  of  the 
refpiiatioii,  capacity  of  200  cubic  inches  was  ufed.  Whenever  the 
pure  nitrons  oxyd  was  breathed  after  a  complete  volun- 
tary exhauilion  of  Lhe  lungs,  the  picafurable  delirium  was 
rapidly  produced  ;  and  being  obliged  to  (loop  on  the  cy- 
linder, the  determination  of  blood  to  the  head  from  the 
increafed  arterial  a6lion  in  Icfs  than  a  minute  became  fo 
great,  as  often  to  deprive  the  experimcntalill  of  voluntary 
power  over  the  mufclcs  of  the  mouth.  Hence  he  could 
never  rely  on  the  accuracy  of  any  experiment  in  which 
the  gas  had  been  rcfpired  for  more  than  three  fourths  of  a 
minute.  He  was  able  to  refpire  the  gas  with  great  accu- 
racy for  more  than  half  a  minute  ;  and  in  all  his  experi- 
ments on  the  refpiration  of  this  nitrous  oxyd,  a  very  con- 
fiderable  diminution  of  gas  always  took  place,  and  the 
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Uiminution  was  in  general  apparently  greater  to  the  eye 
during  the  firft  four  or  five  infpirations. 

The  refidual  oas   of  an  experiment   was  always  exa-  The  refidu- 

"-^  _  _  ■  al  gas  now 

mined  as  follows :  After  being  transferred  through  mer-  examined, 
cury  into  a  graduated  cylinder,  a  fmall  quantity  of  con- 
centrated foaUion  of  caufticpotalli  was  intoduced  into  it, 
where  it  remained  in  contaft  fome  hours :  the  diminution 
was  then  notedj  and  the  quantity  of  gas  abforbed  by  the 
potafh  judged  to  be  carbonic  acid.  To  the  remainder 
twice  it's  bulk  of  pure  water  was  admitted ;  and,  after  agi- 
tation and  reft  for  four  or  five  hours  the  abforption  was 
noticed,  and  the  gas  abforbed  confidcred  as  nitrous  oxyd. 
The  refidual  unabforbable  gas  was  mingled  over  water 
with  twice  it's  bulk  of  nitrous  gas;  and  by  thefe  means  it's 
compofition,  whether  it  confifted  wliolly  of  nitrogen,  or 
of  nitrogen  mingled  with  fmall  quantities  of  o.xygen,  af- 
certained. 

From  a  number  of  experiments,  the  following  are  fe- 
le6lcd  as  the  moft  accurate  on  the  rcfpiration  of  nitrous 
oxyd  : 

1.  At  temperature  54°,  102  inches  of  nitrous  oxyd 
were  breathed,  which  contained  nearly  -5'^th  common  air, 
for  about  half  a  minute,  feven  infpirations  and  feven  ex- 
pirations ijeing  made.  After  every  expiration  an  evident 
diminution  of  gas  was  perceived  ;  and  on  the  laft  full  ex- 
piration it  filled  a  fpace  equal  to  6-2  cubic  inches. 
Thefe  62,  being  analyfed,  were  found  to  confifl  of 

Carbonic  acid 3.2 

Nitrous  oxyd    29.0 

Oxygen     4.1 

Nitrogen 25.7 


C2.0 


Hence,  accounting  for  the  two  cubic  inches  of  common 
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air  previoufly  mingled  with  the  nitrous  oxyd,  71  cubic 

inches  had  difappcarcd. 

2.  At  temperature  47°,  1S2  were  breathed,  with  Sf  of 

almofpheric  air  of  the  air  holder,  for  40  feconds  — in  all 

eight   rcfpiralions.     The  gas   after    the    lafl;    expiration 

equalled  128  cubic  inches,  which,  on  analyfis,  confided  of 

Carbonic  acid    ....     5.25 

Nitrous  oxyd 88.75 

Oxygen 5.00 

Nitrogen     29.00 

Confcqucnlly  93.25  cubic  inches  had  difappeared  in  this 
experiment.  Hence  nitrous  oxyd  is  rapidly  abforbed  by 
the  venous  blood  through  the  moift  coats  of  the  pulmo- 
nary veins.  But  as,  after  a  complete  voluntary  exhauftion 
©f  the  lungs,  much  rcfidual  air  muft  remain  in  the  bron- 
chial vefTels  and  fauces,  as  appears  from  their  incapability 
of  completely  collapfing,  it  is  evident  that  the  gas  expired 
after  every  infpiration  of  nitrous  oxyd  muft  be  mingled 
with  different  quantities  of  the  rcfidual  gas  of  the  lungs  ; 
and  after  a  complete  expiration,  much  of  the  unabforbed 
nitrous  oxyd  mufl:  remain  as  refidual  gas  in  the  lunjjs. 
Now,  when  a.  complete  expiration  is  made  after  the 
breathing  of  atmofphcric  air,  it  is  evident  that  the  refi- 
dual gas  of  the  lungs  confifls  of  nitrogen  mingled  with 
fmall  portions  of  oxygen  and  carbonic  acid,  becaufe  thefe 
.  produ£fs  are  formed  during  the  refpiration  of  common  air, 
and  they  are  the  only  produfts  found  after  the  refpiration 
of  nitrous  oxyd. 

To  afcertain  whether  thefe  produfts  were  partly  pro- 
duced during  the  proccfs  of  refpiration,  or  whether  they 
were  wholly  the  refidual  gafcs  of  the  lungs,^  was  found 
extremely  difficult.  The  firfi,  however,  is  the  nioft  pro- 
bable. 

For  this  purpofe  the  author  firfi:  thought  of  breathing 
nitrous  oxyd  immediately  after  his  lunge  had  been  filled 
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v,ith  oxygen,  and  to  compare  the  products  remaining  after 
the  full  expiration  with  thofe  produced  after  a  full  expira- 
tion of  pure  oxygen  ;  but  this  idea  was  relinquiflied.  He 
attempted  to  infpire  nitrous  oxyd,  after  having  made  two 
infpirations,  and  a  complete  expiration  of  hydrogen  ;  bui 
the  effciSls  of  the  hydrogen  were  fo  debilitating,  and  the 
confequent  {limulation  by  the  nitrous  oxyd  fo  great,  as 
to  deprive  him  of  fenfe. 

Though  experiments  on  fucceflive  infpirations  of  pure 
nitrous  oxyd  might  go  fo  far  as  to  determine  whether  or  no 
any  nitrogen,  carbonic  acid,  and  oxygen  were  products  of 
refpiration;  vet  he  diftin^Slly  faw^  that  it  wasimpoflible  iri 
this  way  to  afcerlain  their  quantities,  fuppofingthem  pro- 
duced, unlefs  he  could  firft  determine  the  capacity  of 
his  lungs,  and  the  different  proportions  of  the  gafes  re- 
maining in  the  bronchial  veflels  after  a  complete  expira- 
tion, when  atmofpheric  air  had  been  refpired.  In  fome 
experiments  (made  on  the  refpiration  of  hydrogen,  to 
determine  whether  carbonic  acid  was  produced  by  the 
combination  of  carbon  loofely  combined  in  the  venous 
blood  with  the  oxygen  refpired,  or  whether  it  was  fimply 
given  out  as  excrementitious  by  this  blood)  he  found,  with- 
out being  able  to  refolve  the  problem,  that  in  the  refpira- 
tion of  pure  hydrogen,  little  or  no  alteration  of  volume 
took  place  ;  and  that  the  refidual  gas  was  mingled  with 
fome  nitrogen,  and  a  little  oxygen  and  carbonic  acid. 

From  the  comparifon  of  thefe  fafts  with  thofe  on  the 
abforption  of  nitrous  oxyd  by  venous  blood,  and  on  the 
effedls  produced  upon  animals  by  the  refpiration  of  nitrous 
oxyd,  there  was  every  reafon  to  fuppofe  that  hydrogen  was 
not  abforbed  or  altered,  when  refpired,  but  only  mingled 
with  the  refidual  gafes  of  the  lungs. 

Hence,  by  making  a  full  expiration  of  atmofpheric 
air,  and  afterwards  taking  fix  or  feven  refpirations  of 
hydrogen  in  the  mercurial  air-holder,  and  then  making 
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a  complete  expiration,   he  thought  that  the  rcfidual  gas 

and  the  hydrogen  would  be  fo  mingled,    as  that  nearly 

the  fame  proportions  fhould  remain  in    the   bronchial 

Ygaf^-pyijin  veflels  as   in,  the  air-holder.    By  afcertaining  ihefe  pro- 

the  capacity  portions,  and  calculatine;  from  them,  he  hoped  to  be  able 

of  thelauces  r  ^  o  J  r 

and  broil-     to  afccftain  with  tolerable  exa6lnefs  the  capacity  of  his 


thcc'ompo-   fauces  and  bronchia,   as  well  as  the  compofition  of  the 

fition  of  the 
gas  remain- 
ing ill  them,  common  air. 


gas  remainir.g  in  them,   after   a  complete  expiration  of 


Hydrogen. — The  hydrogen  employed  for  this  purpofe 
was  procured  from  the  decompofition  of  water  by  means 
of  clean  iron  filings  and  diluted  fulphuric  and  muriatic 
acids.  It  was  breathed  in  the  fame  manner  as  nitrous 
oxyd,  in  the  large  mercurial  air-holder.  The  difficulty 
of  making  the  experiments  was  great,  from  the  difficulty 
of  breathing  hydrogen  for  half  a  minute  fo  as  to  make  a 
complete  expiration  of  it,  after  a  complete  voluntary  ex- 
hauftion  of  the  lungs.  The  purity  of  the  hydrogen  was 
afcertained  immediately  before  the  experiment  by  the  tell 
of  nitrous  gas,  and  by  detonation  with  oxygen  in  atmo- 
fpherlc  air  :  generally  1  ?.  meafures  of  atmofpheric  air  were 
fired  with  four  of  the  hydrogen ;  and  if  the  diminution 
was  to  ten  or  a  little  more,  the  gas  was  judged  pure. 
After  the  experiment,  when  the  complete  expiration  had 
been  made,  and  the  common  temperature  reftored,  the 
volume  of  the  gas  was  noticed,  and  then  a  fmall  quantity 
of  it  thrown  into  the  mercurial  apparatus,  by  means  ot 
the  conducing  tube,  to  be  examined.  The  carbonic  acid 
was  feparated  by  folution  of  potafii  or  flrontian ;  the 
quantity  of  oxygen  afcertained  by  nitrcus  gas  of  known 
compofition 3  the  fuperabundant  nitrous  gas  was  abforbed 
by  a  folution  of  muriat  of  iron  j  and  theproportior.s  of  hy- 
drogen and  nitrogen  in  the  remaining  gas  difcovered  by 
inflammation  with  atmofpheric  air  or  oxygen  in  the  de- 
tonating tube  bv  the  eleciric  fpark. 
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The  two  following  experiments  on  quantities  of  hy- 
drogen, equal  to  thofe  of  the  nitrous  oxyd^  refpired  in 
the  foregoing  experiments,  are  the  mod  accurate  of 
five. 

Exp.  1.  He  refpired  at  59°,  102  cubic  inches  of  hydro- 
gen, apparently  pure;,,  for  rather  lefs  than  half  a  minute^ 
making  feven  quick  refpirations.  After  the  complete  ex^ 
piration,  when  the  common  temperature  was  reftored, 
the  gas  occupied  a  fpace  equal  to  103  cubic  inches  nearly, 
Thefe  analyfed  were  found  to  confift  of 

Carbonic  acid    4.0 

Oxygen       3.7 

Nitrogen     17-3 

Hydrogen       78.0 


103.0 


Now,  as  in  this  experiment  the  gas  was  increafed  in  bulk 
only  a  cubic  inch  ;  fuppofing  that  after  the  complete  ex- 
piration the  gas  in  the  lungs,  bronchia,  and  fauces,  was 
of  nearly  fimilar  compofition  with  that  in  the  air-holder, 
and  that  no  hydrogen  had  been  abforbed  by  the  blood,  it 
would  follow  that  24  cubic  inches  of  hydrogen  remained  in 
ihe  internal  organs  of  refpiration,  and  confequentlv,  by  the 
rule  of  proportion,  about  7.8  of  the  mixed  refidual  gas 
of  the  common  air.  And  then  the  whole  quantity  of  re- 
fidual gas  of  the  lungs,  fuppofing  the  temperature  59^, 
would  have  been  31.8  cubic  inches;  but  as  it';  tempera- 
ture was  nearly  that  of  the  internal  parts  of  the  body, 
98°,  it  mufl:  have  filled  a  greater  fpace  ;  calculating  from 
the  experiments  of  Guyton  and  Vernois  (An.  de  Ch.  t.  i, 
p.  979)  about  37.5  cubic  inches, 

From  the  increafe  of  volume,  it  would  appear  that  a 
minute  quantity  of  gas  had  been  generated  during  the  re- 
fpiration j  and  this  was  moft:  probably  carbonic  aoid  ;  f«r 
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there  is  no  reafon  to  fiippofc  the  proclii61ion  of  nitrogen. 
There  is  alio  reafoiv  to  luppole  that  a  htile  of  the  refidual 
oxygen  nuift  have  been  abforbed.  Making  allowances  for 
tlicfc  circumftances,  it  would  follow  that  the  37.3  cubic 
inches  of  gas  remaining  in  the  lungs  of  the  operator,  after 
a  complete  expiration  of  atmofpherie  air,  animal  heat 
98",  equal  to  31.3  cubic  inches  at  59°,  were  compofed 
of 

Nitrogen 24.9 

Carbonic  acid   4.9 

Oxygen     5.0 

31.8 

Exp.  2.  He  refpired  for  near  a  minute  and  a  half  !n  the 
mercurial  air-holder  at  61°,  182  cubic  inches  of  hydrogen, 
making  fix  long  infpirations.  After  the  laft  expiration, 
the  gas  filled  a  fpace  nearly  equal  to  184  cubic  inches, 
and  analyfed  was  found  to  confifl:  of 

Carbonic  acid    4.8 

Oxygen      4.6 

Nitrogen    21.0 

Hydrogen      153.6 

184.0 


Now  in  this  experiment,  rcafoningas  before,  2  8. 4  cubic 
inches  of  hydrogen  mud  have  remained  in  the  lungs,  and 
likewife  5.5  of  the  atmofpherie  refidual  gas.  Confe- 
quently,  the  whole  refidual  gas  was  nearly  equal  to  34 
cubic  inches  at  61°,  which  at  98"  w©uld  become  about 
40.4  cubic  inches.  And  it  would  appear  alfo,  that  the 
quantity  of  gi.s  reniaining  in  the  lungs,  after  a  complete 
voluntary  rcfpi ration,  equalled  at  9S°,  about  40  cubic 
inches,  and  at  61°,  34  nearly  j  that  after  common  air  had 
been  brtaihed,  the  31  cubic  inches  confifted  of 
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Carbonic  acid     4.1 

Oxv2:en        5.5 


.'  D 


Nitrogen     24.4 


34.0 


It  would  have  been  poffiblc,  according  to  the  operator,  to 
prove  the  truth  of  the  poftulate  on  which  the  experiments 
were  founded,  by  refpiring  common  air  or  oxygen  after 
the  complete  expiration  of  the  hydrogen,  for  the  fame 
time  as  the  hydrogen  was  refpired,  and  in  equal  quantities. 
For,  if  portions  of  hydrogen  were  found  in  the  air-holder 
equal  to  thofe  of  the  refidual  gases  in  the  two  experiments. 
It  woul^  prove  that  a  umffjrm  mixture  of  refidual  gas, 
with  the  gas  infpired,  was  produced  by  the  refpiration. 
This  mixture,  however,  appeared  fo  evident  from  ana- 
logous fa6Vs  as  to  make  the  proofs  unncceflary. 

Indeed,  as  moft  gafes,  though  of  different  fpeclfic  gra- 
vities, when  brought  into  contacl  with  each  other,  affume 
fome  fort  of  union,  it  is  more  than  probable  that  gas  in- 
fpired into  ihe  lungs,  from  being  placed  in  contact  with 
the  refidual  gas  on  fuch  an  extenfive  furface,  mufl  in- 
flantly  mingle  with  it.  Ilcnce,  poflibly  one  deep  infpi- 
ration  and  complete  expiration  of  the  whole  of  a  quantity 
of  hydrogen  of  the  lungs  after  complete  voluntary  ex- 
hauftion,  will  be  fufficient  to  determine  the  capacity  and 
the  nature  of  the  refidual  air. 

That  two  infpirations  are  fufticient,  appears  probable 
from  the  following 

Exp.  3.  After  a  complete  voluntary  expiration  of  com- 
mon air,  he  made  two  deep  infpiiations  of  MI  cubic 
inches  of  hydrogen.  After  the  complete  expiration,  they 
filled  a  fpace  equal  to  rather  more  ihan  14J  cubic  inches, 
and  analyfcd  were  found  to  confift  of 
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Carbonic  acid    3.1 

Oxygen      4.5 

Nitrogen    18.8 

Hydrogen      115.6 


142.0 


Calculating  From  this  experiment  on  the  exhaufted  capa- 
city of  the  lungs,  fuppofing  uniform  mixture,  they  would 
contain,  after  expiration  of  common  air,  about  30.7  cubic 
inches  at  58®,  equal  to  36  at  98*=^,  comp^fed  of  about 

Nitrogen       20.9 

Oxygen     5.8 

Carbonic  acid 4.0 


30.7 


It  might  be  fuppofedj  a.  priori^  that  in  this  experiment 
much  lefs  of  the  refidual  oxygen  of  the  lungs  nuifl;  have 
been  abforbed,  than  in  experiments  I  and  2;  yet  there  is 
no  very  marked  difference  in  the  portions  evolved.  That 
a  tolerably  accurate  mixture  took  place,  appears  from 
the  quantity  of  nitrogen.  The  fmaller  quantity  of  car- 
bonic acid  is  an  evidence  in  favour  of  it's  evolution  from 
the  venous  blood . 

It  is  reafonable  to  fuppofe  that  the  preffure  upon  the 
refidual  gas  of  the  exhaufted  lungs  mufl:  be  nearly  equal 
to  that  of  the  atmofphere;  but  as  aqueous  vapour  is  per- 
petually given  out  by  the  cxhalents,  and  perhaps  evolved 
from  the  moift  coats  of  the  pulmonary  vefTels,  it  is  likely 
that  the  refidual  gas  is  not  onlv  Fully  faturated  with 
moifture  at  98^,  but  likewife  impregnated  with  uncom- 
bined  vapour,  and  hence  it's  volume  enlarged  beyond  the 
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increment  of  expanfion  of  temperature.  Confiderlng  all 
thefe  circumftances,  and  calculating  from  the  mean  of  the 
three  experiments  on  the  compofition  of  the  refidual  gas, 
Davy  concludes — 

1  ft.  That  the  exhaufted  capacity  of  his  lungs  was  equal 
to  about  41  cubic  inches. 

sd.  That  the  gas  contained  in  the  bronchial  vefTels  and 
fauces,  after  a  complete  expiration  of  atmofpheric  air, 
was  equal  to  about  32  cubic  inches — it's  temperature 
being  reduced  to  55°. 

3d.  That  thefe  32  cubic  inches  were  compofed  of 
about 

Nitrogen, 23.0 

Carbonic  acid, 4.1 

Oxygen,    4.9 


32.0 


In  many  experiments  made  in  the  mercurial  air-holder, 
on  the  capacity  of  the  lungs  under  different  circum- 
ftances, he  found  that  he  threw  out  of  his  lungs,  bv  a 
full  forced  expiration,  at  temperature  from  58^  to  62"^, 

Cubic  Inches. 

After  a  full  voluntary  infpiration,  from   189  to   I91 

After  a  natural  infpiration,  from 78  to     79 

After  a  natural  expiration,  from 67  to     68 

So  that,  making  the  corre6lions  for  temperature,  it  would 
appear  that  his  lungs  in  a  ftate  of  voluntary  infpiration 
contained  about  254  cubic  inches ;  in  a  ftate  of  natural 
infpiration  about  135;  in  a  ftate  of  natural  expiration 
about  118;  and  in  a  ftate  of  forced  expiration  41.  But 
as  the  exhaufted  capacity,  as  well  as  impleted  capacity, 
of  the  internal  organs  of  refpiration  muft  be  dilTerent  in 
different  individuals,  according  as  the  forms  and  ftze  of 
their  thorax,  fauces,  and  bronchia  are  different,  it  would 
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be  altnoft  ufelers  to  endeavour  to  afcertain  a  {landing  ca-r 
pacity.     It  is,  however,  probable,  that  a  ratio  exifis  be- 
tween tlie  quantities  of  air  infpircd  in   tlic  natural  and 
forced  infiMration,  thofc  expired  in  the  natural  and  forced 
expiration,  and  the  whole  capacity  of  the  lungs.     If  this 
ratio  were  afcertained,  a  fingic  experiment  on  the  natural 
infpiration  and   expiraiir)n  of  common  air  would  enable 
Us  to  afcertain  the  quantity  of  refidual  gas  in  the  lungs  of 
any  individual  after  a  complete   forced  expirati('n.     The 
operator  is  of  opinion  that  the  capacity  of  his  own  lungs 
i?  below  the  medium— ^his  cbeft  being  narrow,  meafuring 
in  circumference  only  twenty-nine  inches,  and  bis  neck 
rather  long  and  (lender. 
Commenis        Havinff  thus  afcertained  the  canacitv  of  his  lunjrs,  and 

on  the  ex-  »       ,  ,  .        .       °  . 

peiimeiits    the  compofition  of  the  refidual  gas  of  eccpiration,  it  re- 
spiration of  niained  to  reafoa  on  llie  experiments  on  the  refpiration  of 

nitrous        nitrous  oxvd. 
oxyd. 

In  experiment  I,  nearly  100  cubic  inches  of  nitrous 

oxyd  (making  the  corrections  on  account  of  the  common 
air)  were  refpired  for  half  a  minute.  In  this  time  they 
were  reduced  to  62  cubic  inches;  which  confifted  of  3.2 
carbonic  acid,  29  nitrous  oxvd,  4.1  oxygen,  and  2*./ 
nitrogen. 

But,  as  appears  from  the  laft  fe6lion,  there  exifled  in 
the  lungs,  before  the  infpiration  of  the  nitrous  oxyd, 
about  32  cubic  inches  of  gas,  confifting  of  23  nitrogen, 
4.1  carbonic  acid,  and  4.9  oxygen — temperature  being 
reduced  to  59°.  Tliis  gas  mud  have  been  perfedly  min- 
gled with  the  nitrous  oxyd  during  the  experiment;  and, 
qonfequently,  the  refidual  gas  in  the  lungs,  after  the  ex- 
periment, was  of  the  fame  compofition  as  that  in  the 
air-holder. 

Suppofmg  it,  as  before,  to  be  about  82  cubic  inches, 
4  from  the  rule  of  proportion  thev  will  be  compofcd  of 
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Nitrous  oKyd, 14.7 

Nitrogen,   13.3 

Carbonic  acid,    I.9 

Oxygtn,    2.1 


32.0 


And  the  whole  quantity  of  gas  in  the  lungs  and  the  air- 
holder,  fuppoijng  the  temperature  59°,  wili  equal  94  cubic 
inches ;  which  are  compofed  of 

Nitrous  oxyd, 43.7 

Nitrogen, 39.0 

Carbonic  acid, 5.2 

Oxygen,    6.1 


94.0 


But,  before  the  experiment,  the  gas  in  the  lungs  and  air- 
holder  equalhd  134  cubic  inches;  and  thefe,  reckoning 
for  the  common  air,  were  compofed  of 

Nitrous  oxyd 100.0 

Nitrogen,    24.3 

Carbonic  acid,   ....       4.1 

Oxygen, 5.6 


134.0 


Hence  it  appears,  that  56.3  cubic  inches  of  nitrous  oxyd 
were  abforbed  in  this  experiment,  and  13.7  of  nitrogen 
produced,  either  by  evolution  from  the  blood,  or  decom- 
pofition  of  the  nitrous  oxyd.  The  quantities  of  carbonic 
acid  and  oxygen  approach  fo  near  to  thofe  exifting  after 
the  refpiration  of  hydrogen,  that  there  is  every  reafon  to 
believe  that  no  portion  of  them  was  produced  in  confe- 
quence  of  the  abforption  or  decompofition  of  the  nitrous 
oxyd. 
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Ill  Experiment  II,  calculating  in  the  fame  manner, 
before  the  fnft  infpiration  a  quantity  of  gas,  equal  to 
216.5  cubic  inches  at  47°,  exifted  in  the  lungs  and  aifr 
holder;  and  thefe  210.3  were  compofed  of 

Nitrous  oxyd, 1S2.0 

Nitrogen,    24.9 

Carbonic  acid,    ....       4.1 
Oxygen, 5.5 


216.5 


After  the  complete  expiration,  160  cubic  inches  remained 
in  the  lungs  and  air-holder  ;  which  were  compofed  of 

Nitrous  oxyd, 1 10.6 

Nitrogen,    36.3 

Carbonic  acid,    ....       6.8 

Oxygen,   6.3 


IGO.O 


Kilngen 
produced 
during  r(- 
fpiiuti  jn 
of  niirous 
0>:v(J, 


Hence  it  appears  that  71.4  cubic  inches  of  nitrous 
oxyd  were  abforbed  in  this  experiment,  and  about  12  of 
nitrogen  produced.  The  quantity  of  carbonic  acid  and 
oxygen  is  rather  greater  than  that  which  exifted  in  the 
experiments  on  hydrogen. 

From  thefe  eftimations  he  learned  that  a  fmall  quantity 
of  nitro2;cn  was  produced  during  the  abforption  of  nitrous 
oxyd  in  rcfpiration.  It  remained  to  determine  whether  this 
nitrogen  owed  it's  production  to  evolution  from  the  blood, 
or  to  the  dccompofition  of  a  portion  of  the  nitrous  oxvd. 

Analogical  evidences  were  not  in  fai'our  of  the  hypo- 
thefis  of  decompofition.  It  was  difljcult  to  fuppofe  that 
a  body  requiring  the  temperature  of  ignition  for  it's  de- 
compofition by  the  mod  inilammable  bodies,  lliould  be 
partially  abforbed  and  partially  decompounded  at  98**  by 
a  fluid  apparently  pofTcflred  of  uniform  attraftions.  It 
was  more  cafy  to  believe  that,  from  the  immenrfc  quantity 
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of  nitrogen  taken  into  the  blood  in  nitrous  oxyd,  thefyf- 
tem  foon  became  overcharged  with  this  principle;  which 
not  being  wholly  c.pended  in  new  combinations  during 
living  a;5lion,  was  liberated  in  the  aeriform  flate  by  the 
exhrdauts,  or  through  th  3  moid  coats  of  the  veins.  If 
the  laft  rationale  were  true,  it  would  follow  that  the  quan- 
tity of  nitrogen  produced  in  refpiration  ought  to  be  in- 
creafed  ii  proportion  as  r.  greater  quantity  of  nitrous  oxyd 
entered  into  combination  with  the  blood. 

To  afccrtain  whether  this  was  the  cafe,  he  made,  after 
full  voluntary  e  hauftion  of  his  lungs,  one  full  voluntary 
infpiration  and  expiration  of  108  cubic  inches  of  nitrous 
oxyd.  After  this  it  filled  a  fpace  nearly  e^aial  to  99  cubic 
inches;  the  quantities  of  carbonic  acid  and  oxygen  in 
thefe  were  not  determined ;  but  by  the  tefl  of  abforption 
by  water,  they  appeared  to  contain  only  IS  nitrogen, 
wh'cH  is  very  little  more  than  (liould  have  been  given 
from  the  refidual  gas  of  the  lungs.  In  a  fecond  experi- 
ment he  made  two  infpirations  of  108  cubic  inches  of 
nitrous  oxvd  nearly  pure  :  the  diminution  was  to  95.  On 
analyfing  thefe  95,  he  found,  to  his  great  furprifc,  they 
contained  only  17  nitrogen.  Hence  he  fufpefted  fome 
fource  of  errour  in  the  procefs. 

He  now  introduced  into  a  ftrong  new  filk  bag,  the  fides 
being  in  perfeft  contact,  eight  quarts  of  nitrous  oxvd  :  it 
was  mingled,  from  the  mode  of  introduftion,  with  a 
little  common  air,  but  not  fufficient  to  difturb  the  refults. 
He  then  adapted  a  cork  cemented  to  a  long  curved  tube 
to  his'rightnoftril;  the  tube  communicated  with  the  water 
apparatus ;  and  the  left  noftril  being  accurately  clofed, 
and  the  mouth-piece  of  the  filk  bag  lightly  adapted  to  the 
lips,  he  made  a  full  expiration  of  the  common  air  of  his 
lungs,  infpired  nitrous  oxyd  from  the  bag,  and,  by  care- 
fully clofing  the  mouth-piece  with  his  tongue,  expired  it 
through  the  curved  tube  into  tbe  water  apparatus.     In 
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this  way  he  made  nine  refpirations  of  nitrous  oxyd.    The 

expired  gas  of  the  firft  rcfpiration  was  not  prcfervcd  ;   but 

part  of  the  gas  of  the  2d,  3d,  5th,  7th,  and  9th,  were 

caught  in  feparate  graduated  cvhnders.     The  2d,  ana- 

^  Jyfed  by  abforption,  confifted  of  about  29  abforbablc  gas, 

^  which  mud  have  been   chiefly  nitrous  oxyd;  and  17  un- 

abforbable  gas,  which  mufl  have  been  chiefly  nitrogen  ; 

and  the  3d  of  22  abforbable  gas   and  eight  unabforbable. 

•  Thi'  fifth  was  compofed  of  27  to  6;  the  7th  of  23  to  7  ; 

and  the  9th  of  2S  to  11. 

Though  the  refuhs  of  thcfe  experiments  were  not  fo 
conclufive  as  could  be  wiflied  ;  yet,  comparing  them  with 
thofe  of  the  experiments  on  the  changes  effciSltd  in  ni- 
trous oxj'd  by  rcfjMration,  it  feemed  reafonable  to  con-, 
elude  that  the  produilion  of  nitrogen  was  increafed  in 
proportion  as  the  blood  became  more  fully  impregnated 
with  nitrous  ovyd. 

From  this  conclufion,   compared  with  the  phenomena 
noticed  on  the  abforption  of  nitrous  oxyd  by  venous  blood, 
and  on  the  changes  cflre6led  on  the  organifation  of  warm- 
blooded animals,  by  the  refpi ration  of  nitrous  oxvd,  he 
is  induced  to  believe  that  the  produ6lion  of  nitrogeri,  du- 
ring the  refpiration  of  nitrous  oxyd,  is  not  owing  to  the 
decompofition  of  part  of  the  nitrous  oxyd  in  the  aeriform 
date  immediately  by  the  attraction  of  the  red  particles  of 
Produaion   vcnous  blood  for  it's  oxygen;  but  that  it  is  rather  owing 
fj"''^th^^"    to  a  new  arrangement  produced  in  the  principles  of  the 
new  a).       imprea;nated  blood  during  circulation  j  from  which,  be- 

)ange:nent  .'~^-  ,.,.  ...  ,  , 

in  the  ptin-  commgluperiaturateu  with  nitrogen,  it  gives  itout  through 

ciplesof  th.  ^j^^  ^^ij^  ^Q^jg  ^f  jj^g  ^p^^, 

irnpregfia- 

ted  bjood.  For  if  any  portion  of  nitrous  oxyd  were  decompofed 
immediately  by  the  red  particles  f)f  the  blood,  the  quan-r 
tity  of  nitrogen  produced  ought  to  be  greater  during  the 
Jirft  infpirations,  before  thefe  particles  became  fully  com- 
bined with  condenfed  oxygen.     If,  on  the  contrary,  the 
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whole  of  the  nitrogen  and  oxygen  of  the  nitrous  oxyd 
were  both  combined  with  the  blood  and  carried  through 
the  pulmonary  veins  and  left  chamber  of  the  heart  to  the 
arteries,  then,  fuppofing  the  oxygen  chiefly  expended  in 
living  atSlion,  whilft  the  nitrogen  was  only  partially  con- 
fumed  in  new  combinations,  it  would  follow  that  the 
venous  blood  of  animals  made  to  breathe  nitrous  oxyd, 
hyperfaturated  with  nitrogen,  muft  be  different  from 
common  venous  blood  j  and  there  is  reafon  to  believe 
this  from  the  phenomena,  on  the  changes  effedled  in  the 
oro-anifation  of  warm-blooded  animals  bv  the  refpiration 

D  '  '■ 

of  nitrous  oxyd. 

Befides  nitrogen,  carbonic  acid  and  water  have  been  Of  the  othei 
noticed   to  be  the  products  of  the  refpiration  of  nitrous  carbonic' 
oxvd.  ^^'^  ^°^ 

J  water. 

As  nearly  equal  quantities  of  carbonic  acid  are  produ- 
ced, whether  hydrogen  or  nitrous  oxyd  is  refpired,  pro- 
vided the  procefs  is  carried  on  for  the  fame  time,  there  is 
every  reafon  to  believe  that  no  part  of  the  carbonic  acid 
produced' is  generated  from  the  immediate  decompofition 
of  niirous  oxyd  by  carbon  exifting  in  the  blood  !  hence  it 
muft  be  cither  ev /Ived  from  the  venous  blood,  or  formed 
by  the  flow  combination  of  the  oxygen  of  the  refidual  air 
of  refpiration  with  the  charcoal  of  the  blood. 

But  if  it  was  produced  from  the  decompofition  of  refi- 
dual  r.tmofpheric  air,  it  would  follow  that  it's  volume 
muft  be  much  lefs  than  that  of  the  oxygen  of  the  refidual 
air  which  had  difappeared  ;  for  fome  of  this  oxygen  mufl: 
have  been  abforbed  by  the  blood,  and  during  the  conver- 
fion  of  oxygen  into  carbonic  acid  by  charcoal  a  flight  di- 
minution of  volume  is  produced. 

In  the"  experiments  when  nitrous  oxyd  and  hydrogen 
■were  refpired  for  half  a  minute,  the  medium  quantity  of 
carbonic  acid  produced  was  b.Q  cubic  inches. 

Suppofe  the  quantity  of  carbonic  acM  produced  is  in 
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the  ratio  of  the  oxygen  dlminiflied,  and  there  is  every 
reafon  to  believe  that,  in  the  expiration  of  atmofpheric 
air,  the  expired  air  and  the  rcfidual  air  arc  nearly  of  the 
fame  compofuion.  Hence  no  more  carbonic  acid  can  re- 
main in  the  Umg^s,  or  be  produced  from  the  rcfidual  gas, 
after  the  complete  expiration  of  common  air,  than  that 
which  can  be  generated  from  a  volume  of  atmofpherie 
air  equal  to  the  rcfidual  gas  of  the  lungs.  This  rcfidual 
gas,  after  complete  expiration,  equals  at  35 '',  32  cubic 
inches,  and  32  cubic  inches  of  common  air  contain  8.6 
cubic  inches  of  oxygen.  But  in  the  experiments  on  the 
refpiration  of  hydrogen,  not  only  5.6  cubic  inches  of  car- 
bonic acid  were  produced,  but  more  than  four  of  refidual 
oxygen  remained  unabforbed. 
Thernrbc-  Hence  it  appears  impoffible  that  all  the  carbonic  acid 
"'^i'^' J       could  have  been  produced  by  the  combination  of  charcoal 

evolved  ^  •' 

thioiigiiiiie  in  the   venous  blood  with    refidual   atmofpheric  oxygen  ; 

vtiTcls.  there  is  therefore  every  reafon  to  believe,  that  it  is  wholly 
or  partially  liberated  from  the  venous  blood  through  the 
moifl;  coats  of  the  veflTcls.  The  water  carried  out  of  the 
lungs  in  folution,  by  the  expired  gas  of  nitrous  oxyd, 
could  neither  have  been  wholly  nor  partially  formed  by 
the  dccompofition  of  nitrous  oxyd.  The  coats  of  the  vef- 
fclri  in  the  lungs,  and  indeed  in  the  whole  internal  furface 
of  the  body,  are  always  covered  with  moifiiure  ;  and  the 
folution  of  part  of  this  moifture  by  the  infpired  hcatc<i 
gas,  and  it's  dcpofitlon  by  the  expired  gas,  are,  according 
to  Davy,  fufficient  caufes  for  the  appearance  of  the  phe- 
nomenon. There  are  no  rcafons  for  fuppofing  that  any 
of  the  refidual  atmofpheric  oxygen  is  immediately  com- 
bined with  fixed  or  nafcent  hydrogen,  or  hydrocarbonat, 
in  the  venous  blood,  at  98*"',  by  flow  combuftion,  and 
confequently  none   for  fuppofing  that  water  is  imme- 

Thewater    diately  formed  in   refpiration.     The  evolution   of  water 

uom^^he     ^"^"^  ^^^"  ^^^^^^  "^  ^h^  lungs  is  almofi  certain  from  nu- 
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merous  analogies.     He  found  that  nitrous  oxyd  can  be  veffds  in 

°  •'  .  the  lungs.  • 

refpired  without  danger  by  man  for  a  much  longer  time 
than  that  required  for  the  death  of  the  fmaller  quadrupeds 
in  it.  He  has  breathed  it  two  or  three  times  in  a  conli- 
derable  ftate  of  purity  for  four  minutes  and  a  quarter, 
and  four  minutes  and  a  half,  and  fome  difeafed  indivi- 
duals for  five  minutes.  Three  quarts,  ;*.  e.  about  one 
hundred  and  feventy-four  cubic  inches,  are  confumed  fo 
as  to  be  unfit  for  refpiration  by  a  healthy  individual 
with  lungs  of  moderate  capacity  in  about  one  minute  and 
a  quarter  J  fix  quarts,  or  348  cubic  inches,  lafl  generally 
for  two  minutes  and  half  or  two  minutes  and  three 
quarters ;  eight  quarts,  or  464  cubic  inches,  for  more  than 
three  minutes  and  half;  and  1 2  quarts,  or  QqQ  cubic  inches, 
for  nearly  five.  He  is  inclined  to  believe  that  nitrous  oxyd 
is  abforbcd  more  rapidly  after  heavy  meals,  or  during 
Simulation  from  wine  or  fpirits,  than  at  other  times ;  and 
as  it's  abforption  appears  to  depend  on  a  fimple  folutiou 
in  the  venous  blood,  probably  diminution  of  temperature 
will  increafe  it's  capability  of  being  abforbed.  The  range 
of  the  confumption  of  different  individuals  does  not  ex- 
tend to  more  than  a  pint,  or  30  cubic  inches,  at  the  maxi- 
mum dofe;  hence  the  medium  of  confumption  is  not  far 
from  two  cubic  inches,  or  about  a  grain  every  fecond,  or 
150  cubic  inches,  or  60  grains,  in  a  minute.  When  ni- 
trous oxyd  is  breathed  in  tight  lilk  bags,  towards  the  end 
of  the  experiment,  as  the  internal  furface  becomes  moift, 
a  certain  quantity  of  common  air  penetrates  through  ;  but 
it  is  too  fmall  to  deftroy  any  of  the  effects  of  the  nitrous 
oxyd. 

Having  thus  afcertained  the  abforption  of  nitrous  oxyd  On  ihe  r*- 

f.  .       .  ,    ,  ,      .  r      •  II         fpiration  of 

m  relpiration,  and  the  evohition  of  nitrogen  and  carbo- ajfnofpheric 
nic  acid  from  the  lungs,  during  it's  abforption,  he  was  ^""' 
anxious  to  compare  the  changes  effecled  in  this  gas,  with 
thofe  produced  in  liitrous  oxyd  and  oxygen;  confidering 
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atmofpheric  air  as  a  compound,  in  which  principles  iden- 
tical with  thofe  in  nitrous  oxyd  exifted,  though  in  dif- 
ferent quantities  and  loofcr  combination. 

The  conipofition  of  the  attrofpheric  air  before  infpira- 
tion,  and  after  expiration,  was  afcertained  in  the  ibllow- 

Incr  manner  :  40  meafures  of  it  were  agitated  ovc  mer- 
es o 

cury  in  folution  of  cauftic  potafli,  and  here  it  remained 
two  or  three  hours  in  conta6l.  The  diminution  was 
noted,  and  the  gas  abforbed  judged  to  be  carbonic  acid. 
Twenty  meafures  of  the  gas,  freed  from  carbonic  acid, 
were  mingled  with  30  of  nitrous  gas,  in  a  tube  of  five 
inches  diameter;  they  were  fiot  agitated,  but  fuffercd  to 
reft  an  hour  or  an  hour  and  half,  when  the  volume  occu- 
pied by  them  was  noticed ;  and  50 — m  the  volume  oc- 
cupied, divided  by  three,  confiderecl  as  the  oxygen  x,  and 
20 — X  confidered  as  the  nitrogen.  When  they  are  agita- 
ted a.  greater  proportion  of  nitrous  gas  is  abforbed  and 
condenfed  in  the  nitric  acid  by  the  water ;  and  to  find  the 

50— m  50— m 

oxygen  xzz-^^  or -^j- 

Exp.  1.  To  afcertain  the  changes  efFe£ted  in  atmo- 
fpheric air  by  fingle  infpirations,  he  made  after  a  com- 
plete voluntary  exhauftion  of  his  lungs,  at  temperature 
61*-',  one  infpirationand  expiration  of  141  cubic  inches  of 
this  air.  After  expiration  they  filled  a  fpace  equal  to  139 
cubic  inches.     Thefe  analyfed  were  found  to  confift  of 

Nitrogen 101 

Oxygen    32 

Carbonic  acid  . .       6 

The  141  cubic  inches  before  refpiration  were  com- 
pofed  of  lOJ  nitrogen,  1  carbonic  acid,  and  37  oxygen. 
The  time  taken  to  perform  the  infpiration  and  full  expi- 
ration was  a  quarter  of  a  minute.  He  repeated  this  ex- 
periment feven  or  eight  times,  and  the  quantity  of  oxygen 
abforbed  was  generally  from  five  to  fix  cubic  inches  > 
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the  carbonic  acid  formed  from  five  to  3.5,  and  the  quan- 
tity of  nitrogen  apparently,  diminifhed  from  one  to  three 
cubic  inches.  ' 

Exp.  2.  After  a  voluntary  expiration  of  common  air, 
he  made  one  infpiration  and  full  expiration  of  100  cubic 
inches  of  atmofpheric  air.  It  wa§  diminiflied  nearly  to 
g&l  or  gg  cubic  inches,  and,  analyfed,  was  found  to  con- 
M  of 

Nitrogen     71.7 

Oxygen     22.3 

Carbonic  acid    4,5 

This  was  repeated  fjur  or  five  times  with  little  dif- 
ference of  refult,  and  there  always  fcemed  to  be  a  frtiall 
diminution  of  nitrogen.  He  found  he  took  into  his  lungs 
at  every  natural  infpiration  13  cubic  inches  of  air,  and 
threw  out  at  every  expiration  rather  Icfs,  or  about  12^ 
cubic  inches. 

The  mean  compofitioa  of  the  13  cubic  inches  of  air 
infpired  was  4 

Nitrogen 9.5  cubic  inches 

Oxygen     3.4 

Carbonic  acid    ...  0.1 
That  of  the  12.7  of  air  expired 

Nitrogen   9.3  cubic  inches 

Oxygen     2.2 

Carbonic  acid  ....  1.2 
Thefe  refults  he  gained  from  more  than  20  experi- 
ments, which  fhow  their  accuracy.  He  made  about  25 
or  27  natural  infpirations  a  minute.  So  that,  calculating 
from  the  above  eftimations,  it  follows,  that  31.6  cubic 
inches  of  oxygen  were  confumed,  and  5.2  cubic  inches 
of  nitrogen- loft  in  refpiration  every  minute,  whlift  2(5. G 
cubic  inches  of  carbonic  acid  were  produced. 

To  colle6l  the  products  of  a  great  number  of  natural 
expirations,  fo  as  to  afccrtain  whether  their  compofitioa 
vot.  III.  N 
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correfpoiided  with  th<?  above  accounts,  he  faflcncd  his  hps 
tight  on  the  mouthpiece  of  the  exhaufted  airholdcr,  and, 
fufTering  his  noftrils  to  remain  open,  infpired  naturally 
through  them,  throwing  the  expired  air  through  his 
mouth  into  the  airholdcr. 

In  many  experiments,  he  found  that  in  about  half  a 
minute  he  made  in  this  way  14  or  15  expirations.  The 
mean  quantity  of  air  collcftcd  was  171  cubic  inches,  and 
confilled  of 

Nitrocreu    128  cubic  inches 

Oxygen 29 

Carbonic  acid    ....     14 
On  comparing  thefe  refults  with  the  former  ones,  the 
mean  quantities  of  air'refpircd   in  equal  times  are  rather 
lefs ;  but  the  proportions  of  carbonic  acid,  nitrogen,  and 
oxygen,  in  the  rcfpired  air,  nearly  identical. 

To  afcertain'  the  changes  effe6led  in  a  given  quantity 
of  atmofpheric  air  by  continued  refpirations,  he  breathed, 
after  a  complete  expiration,  at  temperature  63°,  l6l 
cubic  inches  of  air  for  near  a  minute,  making  19  deep  in- 
fpirations.  After  the  complete  expiration,  the  gas  filled 
a  fpace  nearly  equal  to  152  cubic  inches,  fo'that  nine  cu- 
bic inches  of  gas  had  difappeared. 

The  152  cubic  inches,  analyfed,  were  found  to  confift  of 

Nitrogen 111.6  cubic  inches 

Oxygen,    23. 

Carbonic  acid  ....     17.4 
The  161    cubic  inches  before  infpiration  v^'cre  com- 
pofed  of 

Nitrogen  1 1 7.0  cubic  inches 

Oxygen     42.4 

Carbonic  acid   ....        1.6 
But  the  refidual  gas  in  the  lungs,  before  the  experiment^ 
was  of  different  compofition  froTn   that  remaining  in  the 
lungs  after  the  experiment.     It  appears,  therefore,  after 
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makinfc  P^'OP^^  corrections,  that  about  5.1  of  nitrogen 
were  abforbed  in  refpiraiion,  23.9  of  oxygen  confumed, 
and  12  of  carbonic  acid  produced.  This  e  perimeat  was 
repeated  three  times  with  fimilar  refulls,  and  the  refidual 
gas  of  fimilar  compofition.  So  that,  fuppofing  the  exift- 
ence  of  no  fource  of  error  in  the  experiments,  from  which 
the  quantity  and  compofition  of  the  refidual  gas  of  the 
lungs  were  eftimated,  the  abfoiption  of  nitrogen  as  Prieft- 
ley  had  fufpefted,  by  venous  blood,  appears  demonftrated. 
To  compare  the  changes  effected  in  atmofpheric  air  by 
refpiration  of  the  fmaller  quadrupeds  with  the  above,  he 
introduced  into  a  20-cubic-inch  jar,  filled  with  mercury 
in  the  mercurial  trough,  15  cubic  inches  of  atmofpheric 
air,  deprived  of  it's  carbonic  acid  by  long  expofure  to  (o- 
lution  of  potafli.  Temperature  being  64:°,  a  healthy 
fmall  moufe  was  quickly  pafled  under  the  mercury  into 
the  jar.  He  continued  nearly  49  minutes  without  ap- 
parently fuffering,  at  20  minutes  he  lay  on  his  fide,  and 
in  55  minutes  was  apparently  dying,  but  expofed  to  the 
warmth  of  a  fire  recovered.  The  gas  in  the  jar  filled  a 
fpace  nearly  equal  to  14  cubic  inches  ;  fo  that  a  diminu- 
tion of  a  cubic  inch  had  taken  place.  Thefe  14  cubic 
inches,  analyfed,  confided  of 

Carbonic  acid  ....     2.0  cubic  inches 

Oxygen     1.4 

Nitrogen    10.6 

The  15  cubic  inches  before  the  experiment  confiftedof 

Oxygen   4  cubic  inches 

Nitrogen     11 

Hence  2.6  cubic  inches  of  oxygen  had  been  confumed, 
two  cubic  inches  of  carbonic  acid  produced,  and  about 
0.4  of  nitrogen  loft.  The  relation,  therefore,  between  the 
quantities  of  oxygen  confumed,  and  carbonic  acid  pro- 
duced, are  nearly  the  fame  as  thofe  in  the  former  experi- 
ments j  but  the  quantity  of  nitrogen  loft  is  much  fmaller. 

N  2 
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Refpir.i!i.vi  The  f^afcs  before   and   aflcr^  refplration  were  analyfed  in 
o  cxjgin.    ^^^^^^  experiments  as  in  the  lall,  except  that  three  of  ni- 
trous gas  were  always  employed  to  one  of  oxygen.. 

Exp.  1.  At  temperature  53".  after  a  full  forced  expira- 
tion, he  rcfpircd  in  the  mercurial  airholder,  for  half  a  mi- 
nute, 102  cubic  inches  of  oxygen,  making  feven  long  and 
deep  infpirations.  After  the-  complete  expiration,  the 
gafes  filled  a  fpace  equal  to  93  cubic  inches  :  ihefe  1)3, 
analyfed,  confifted  of 

Carbonic  acid   ....     3.9  cubic  inches 

Nitrogen   33.8 

Oxygen    .  . . 53.3 

The  102  cubic  inches  before  the  experiment  wci'ft 
compofed  of 

Oxygen    78  cubic  inches 

Nitrogen    24 

The  refidual  gas  in  the  lungs,  before  the  experiment- 
was  32  cubic  inches,  and  compofed  of  23  nitrogen,  4.1 
carbonic  acid,  and  4.9  oxygen.  The  refidual  gas,  after 
expiration,  of  18.2  oxygen,  two  carbonic  acid,  and  11.& 
nitrogen. 

Hence  the  whole  of  the  gas  in  the  lungs  and  airholdcr 
before  infpiration  was  134  cubic  inches,  compofed  of 

Oxygen     82.9  cubic  inches 

Nitrogen    4  7.0 

Carbonic  acid    ...     4.1 
and  after  refpiration,  125  cubic  inches,  confiding  of 

yr  Oxygen 71.5  cubic  inches 

Nitrogen    45. G 

Carbonic  acid  ...  7.9 
fo  that,  comparing  the  quantities,  it  appears  that  11.4  of 
oxygen,  and  I  A  of  nitrogen,  were  confumed  in  this  ex- 
periment, and  3  8  of  carbonic  acid  produced.  He  was 
furprifed  at  the  fmall  quantity  of  oxygen  confumed,  bcini 
iefs  than  that  during  the  rcfpiratioa  of  atmofphcric  ;ur 
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for  half  a  minute  :  the  portion  of  carbonic  acid  evolved 
was  fmaller. 

Exp.  2.  He  refpired  at  the  fame  temperature,  after  a 
full  expiration,  162  cubic  inches  of  gas,  compofed  of 
133  czvgcn,  and  29  nitrogen,  for  two  minutes.  After 
the  experiment  they  were  equal  to  123  cubic  inches.  On 
analyfis  it  appeared,  that  37  cubic  inches  of  oxygen,  and 
two  of  nitrogen,  had  been  abforbed,  whilll:  21  cubic 
inches  of  carbonic  acid  had  been  formed  It  appears,  Compara- 
thercforc,  from  the  eftimations  in  the  lad  feflion,  that  63  "^"^ "''."- 
cubic  inches  of  oxygen  areconfumed,  and  about  52  cubic    •  ■"''pheric 

air  and  gxv- 

inches  of  carbonic  acid  produced,  every  two  minutes,  ge.i. 
during  the  natural  refpiration  of  common  air.  So  that 
fix  cubic  inches  lefs  of  oxy2:en  are  abforbed,  and  30  cubic 
inches  lefs  of  carbonic  acid  produced,  every  minute,  when 
oxygen  nearly  pure  is  refpired  than  when  atmofpheric  air 
is  refpired. 

To  afcertain  the  compa^^ative  confumption   of  atmo- 
fpheric  air  and  oxygen,   by  the  fmalltr  quadrupeds,  he- 
procured  two  healthy  mice. 

Exp.  3.  One  was  introduced  into  a  jar,  containing 
lOi  cubic  inches  of  oxvgen,  and  three  cubic  inches  of 
nitrogen,  and  made  to  reft  on  a  bit  of  cheefe.  The  other 
was  introduced  into  a  jar  containing  15^  cubic  inches  of 
atmofpheric  air.  In  the  firft  it  fuflercd  in  half  an  hour, 
and  was  dying  in  one  hour.  The  jars  were  often  agi^  . 
tated,  that  the  gafcs  minht  be  well  mingled.  The  moufe 
in  the  atmofpheric  air  was  feeble  in  40  minutes,  and  in 
50  unable  to  ftand. 

The  gas  in  the  oxygen  jar  filled  a  fj^ace  equal  to  12.7 
cubic  inches,  and,  analvfed,  confiftcd  of  1.7  carbonic 
acid,  2.6  nitrogen,  and  8.4  of  oxygen  Sj  tb.at  2.1  cubic 
inches  of  oxygen  had  been  confumcd,  and  0.4  of  nitro- 
gen, and  1.7  of  carbotuc  acid  produced. 

The  gas  in  the  atmofpheric  jar  was  diminlflied   nearly 
N  3 
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to  1  i.4,  and  confifled  of  2.1  carbonic  acid,  1.4  oxygen, 
and  10.9  nitrogen.  So  that  2.7  of  oxygen,  and  five  of 
nitrogen  had  been  confumed,  and  2.1  of  carbonic  acid 
produced. 

It  appears  therefore  that  the  moufe  in  atmofpheric  air 
confumed   ncarlv  one  third  more  oxygen,  and  produced 
ncorly  a  quarter  more  carbonic  acid  in  55  minutes  than 
the  other  in  an  hour  and  a  quarter  in  oxygen. 
On  the  From   the  experiments  of  Cigna  and    Prieftley,    the 

kaccJ  in  congulum  of  the  venous  blood  becomes  florid  at  it's  fur- 
t he  blood  face  when  expofed  to  the  atmofphcre,  though  covered 
fphcric  air  and  defended  from  the  immediate  contact  of  the  air  by  a 
'  very  dark  ftratum  of  fcrum.  Hence  ferum  is  capable  of 
•diflolving  either  the  whole  compound  atmofpheric  air,  or 
it's  oxvgen,  Suppofing  it  diflblves  the  whole,  it  follows, 
that  the  colouring  of  the  coagulum  of  blood  under  ferum 
depended  on  the  decompofition  of  the  atmofpheric  air 
condenfcd  in  the  ferum  ;  it's  oxygen  combining  with  the 
red  particles  and  the  nitrogen,  either  remaining  diifolved 
in  the  fluid,  or  beino;  liberated  throuoh  it  into  the  atmo- 
fphere  ;  for  the  circulating  blood  confifl.3  of  red  particles, 
floating  in  and  diflufed  through  ferum  and  coagulable 
lymph.  In  natural  refpiration,  the  red  particles  are  ren- 
dered of  a  brighter  tinge  during  the  paflage  of  the  blood 
through  the  pulmonary  veins  :  and,  as  before  feen,  dur- 
ing refpiration,  atmofpheric  air  is  decompofed,  all  the 
oxygen  of  it  confumed,  apparently  a  fmall  proportion  of 
the  nitrogen  loft,  and  a  confiderable  quantity  of  carbonic 
acid  produced. 

Moft:  probably,  the  whole  compound  atmofpheric  air, 
paffing  through  the  moift  coats  of  the  veflTels,  is  firft  dif- 
folved  by  the  ferum  of  the  venous  blood,  and  in  it's  con- 
denfed  ftate  decompofed  by  the  affinity  of  the  red  particles 
for  it's  oxygen,  the  greater  .part  of  the  nitrogen  being 
liberated  unaltered,  but  a  minute  portion  of  it  poflibly  re- 
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malning  condeufed  in  the  ferum  and  coagulable  lymph, 
and  pafling  with  them  into  the  left  chamber  of  the 
heart. 

From  the  experiments  on  the  refpiration  of  nitrous 
oxyd  and  hydrogen,  it  appears  that  a  certain  portion  of 
the  carbonic  acid  produced  is  evolved  from  the  venous 
blood ;  but,  as  a  much  greater  quantity  is  generated  dur- 
ing the  refpiration  of  common  air  and  oxygen  than  dur- 
ing that  of  hydrogen  in  equal  times,  it  is  not  impoffible  but 
that  feme  portion  of  it  may  be  formed  by  the  combina- 
tion of  charcoal  in  the  red  particles  with  the  oxygen  dif- 
folved  in  the  ferum. 

Suppofing  that  no  part  of  the  water  evoh-ed  in  folution 
by  the  expired  gas  of  common  air  is  formed  immediately 
in  refpiration,  it  will  follow  that  a  very  confiderable 
quantity  of  oxygen  niufl:  be  conftantly  cotnb'med  with  the 
red  particles,  even  allowing  the  confumption  of  a  certain 
portion  of  it  to  form  carbonic  acid  ;  for  the  carbonic  acid 
evolved  rarely  amounts  to  more  than  three-fourths  of  the 
volume  of  the  oxygen  eonfumed.  Perhaps  the  ferum  is 
capable  of  diflblvinga  larger  quantity  of  atmofpheric  air 
than  of  pure  oxygen. 

It  therefore  appears  that  nitrous  oxvd,  when  refpired  by  t)bferv=. 
animals,   produces  peculiar  changes  in  their  blood  and  refpinuion 
in   their    organs,   firO:   connected  with    increafed  living^'  "j"^"*' 
adion,  but  terminating  in  death  ;  that  it  is  rapidly  ab- 
forbed  by  the  circulating  venous  blood,  and  of  courfe  it's 
condenfed  oxygen  and  nitrogen  diftributcd  in  the  blood 
over  the  whole  of  the  fyftcm. 

He  could  breathe  nine  quarts  of  nitrous  oxvd  for  three 
minutes,  and  twelve  for  rather  more  than  four,  but  could 
never  breathe  it  in  anv  quantity  fo  large  as  five.  When 
it's  operation  was  carried  to  the  higheil  extent,  the  plca- 
furable  thrillino:  about  it's  height  about  the  middle  of  the 
experiment  gradually  diminlOied,  the  fenfe  of  preflure  oi;^ 
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the  mufcles  was  loft,  imprelfions  ceafcd  to  be  perceived, 
voluntary  power  deftroyeci,  and  the  mouthpiece  generally 
dropped  from  his  unclofed  lips. 

He  made  foiVie  experiments  to  afccrtain  the  analogy 
that  exifted  between  the  rcnfible  efTLcls  of  tht  different 
gafcs,  which  are  fooner  or  later  fatal  to  life  when  refpired, 
and  thofe  of  nitrous  oxvd. 

Hydrogen.  Pure  hydrogen  had  been  often  refpired  by  different  phi- 
lofophers,  particularly  by  Schecle,  Fontana,  and  Roficr. 
Davy  refpired  four  quarts  of  it,  nearly  pure,  produced 
'from  zinc  and  muriatic  acid,  for  near  a  minute;  his 
lungs  being  previoufly  exhaufted,  and  his  nollrils  care- 
fully clofed.  The  firfl  fix  or  feven  infpirations  produced 
no  fcnfations  whatever;  in  half  a  minutj  his  ehed  was 
oppreffed,  which  gradually  increafed  until  the  pain  of 
fuffocation  obliged  him  to  leave  off.  He  felt  no  giddi- 
nefs,  his  pulfe  was  feebler  and  quicker,  and  his  cheeks 
at  lad  became  purple.  When  the  hydrogen  was  procured 
from  iron  and  diluted  vitriolic  acid,  he  was  unable  to  re- 
fpire  three-fourths  of  a  minute;  giddinefs  and  debility 
were  produced,  the  ptdfc  feeble,  and  the  fuffocation 
greater  than  before. 

KitP  gon.  He  breathed  three  quarts  of  nitrogen,  mintrled  with  a 
very  fmall  portion  of  carbonic  acid,  for  near  a  minute. 
It  produced  no  alteration  for  twenty  feeonds ;  then  the 
fenfe  of  fuffocation  gradually  came  on,  and  increafed 
rapidly  the  laft  quarter  of  the  minute,  fo  as  to  compel 
him  to  defiil.  The  pulfe  was  feebler  and  quicker.  The 
head  not  affected. 

Hyrlr-'-car-  Watt's  obfervations  on  the  rcf[;jratlon  of  diluted  hvdro- 
carbonat  by  men,  and  Dr,  Beddoes'  experiments  on  ani- 
mals by  pure  hydro-carbonat,  proved  it's  effects  to  be 
highly  deleterious.  Df.v\'*  breathed  for  near  a  minute 
three  qui-.rts  of  it  mingled  Vv'ith  nearly  two  quarts  of  at- 
mofplicric  air,  which  hud  never  been  breathed  fo  little 
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diluted, before.  It  produced  a  flight  giddinefs  and  pain  in 
the  head,  and  a  momentary  lofs  of  voluntary  power.  He 
then  refolved  to  breathe  pure  hydro-carbonat :  for  this 
purpofc,  he  introduced  into  a  filk  bag  four  quarts  of  gas, 
nearly  pure,  produced  from  the  decompoiition  of  water 
by  charcoal  an  hour  before,  and  which  had  a  flrong  and 
difagreeable  fmell.  After  a  forced  'exhauftion  of  the 
lungs,  and  the  nofe  being  accurately  clofcd,  he  made 
three  infpirations  and  expirations.  The  firft  produced  a 
fort  of  numbnefs  and  lofs  of  feeling  in  the  cheft,  and  about 
the  perioral  mufcles.  After  the  fecond  infpiration  he  loft 
all  power  of  perceiving  external  things,  and  had  no  dif- 
tinct  fenfatlon,  except  a  terrible  oppreflion  on  the  cheft. 
During  the  third  expiration  this  feeling  dlfappeared,  and 
he  feemed  finking  into  annihilation,  and  had  juft  power 
enough  to  drop  the  mouth-piece  from  his  unclofed  lips. 
He  was  very  ill  and  feeble  after.  He  thinks  it  proves 
that  hydro-carbonat  a6ls  as  a  fcdativc;  ?.  e.  it  produces 
diminution  of  vital  a6tion  and  debility,  without  previoufly 
exciting.  He  thinks  four  or  five  infpirations  inftcad  of 
three  would  have  deftroyed  life  immediately,  without 
producing  any  painful  fenfation. 

He  attempted  to  refpire  carbonic  acid,  not  being  then  Cnhoric 
acquainted  with  the  experiments  of  Roficr :  he  intro- 
duced into  a  filk  bag  four  quarts  of  well  waflied  carbonic 
acid,  produced  from  carbonat  of  ammonia  by  heat 
(which  is  in  a  high  ftate  of  purity,  and  readily  eft'e£ted), 
and  after  a  complete  voluntary  exhauftion  of  his  lungs 
attempted  to  infpire.it.  It  produced  a  fenfe  of  burning  at 
the  top  of  the  uvula.  It  was  in  vain  to  make  voluntary 
effori-s  to  inhale  it ;  at  the  moment  the  epiglottis  v.-as  raifcd 
a  little,  a  painful  ftimulation  was  induced,  fo  as  to  clofe 
it  fpahnodically  on  the  glottis.  Thus,  after  repeated  trials, 
he  was  prevented  from  takinci;  a  fingle  particle  of  carbonic 
acid  into  the  lunos. 
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He  tried  to  breathe  a  mixture  of  two  quarts  of  common 
air  and  three  of  carbonic  acid,  without  fucccfs,  it  being 
nonrefpirable.  He  found  a  mixture  of  three  quarts  of 
carbonic  acid  with  feven  of  common  air  to  be  refpirable, 
and  breathed  it  for  near  a  minute.  It  produced  a  flight 
giddinefs  and  inclination  to  fleep.  They  however  rapidly 
difappeared  after  ceafing  to  refpire  it.  Carbonic  acid 
poffl-ffes  no  aftion  on  arterial  blood  :  hence  perhaps  it's 
flight  effeils  when  breathed,  mixed  with  large  quantities 
of  common  air.  It's  effedls  are  very  marked  upon  venous 
blood. 

Oxygen.  The  oxygcn  was  procured  from  manganefe  bv  heat. 

In  refpiring  eight  or  ten  quarts,  for  the  firfl  two  or  three 
minutes,  he  perceived  no  effe6t.  Towards  the  end  his 
refpiration  became  oppreflTed,  and  he  felt  a  fenfation  as  if 
he  wanted  frefli  air,  though  but  little  of  the  oxygen  had 
been  confumed.  In  one  experiment,  when  he  breathed 
from  and  into  a  bag  containing  twenty  quarts  of  oxygen  for 
near  fix  minutes,  his  pulfe  was  not  altered  in  velocity, 
but  rather  harder  than  before.  He  perceived  no  effecls 
but  thofe  of  opprcfliion  on  the  chefl:.  Watt  had  fufpedled 
that  the  effefts  attributed  to  oxygen  produced  from  man- 
ganefe by  heat,  in  fome  meafure  depended  upon  nitrous 
acid,  fufpended  in  the  gas  formed  during  ignition  by  the 
xmion  of  the  oxygen  of  the  manganefe,  with  nitrogen 
likewife  condenfed  in  it;  and  in  the  courfe  of  his  experi- 
ments on  nitrous  acid,  Davy  feveral  times  experienced 
a  fevere  opprefllion  on  the  chefl;  and  difliculty  of  refpira- 
tion, not  unanalogous  to  that  produced  by  oxygen,  but 
more  violent;  which  feems  to  confirm  Watt's  fufpicion. 

Nitrous  gax.  Being  refolvcd  to  endeavour  to  breathe  the  nitrous  gas, 
he  introduced  1 14  cubic  inches  of  it  into  a  larorc  mercurial 
airholder :  two  fmall  filk  bags  of  the  capacity  of  (evei\ 
quarts  were  filled  with  nitrous  oxyd.  After  a  forced  ex- 
fcauftiqn  of  his  lungs,    his  nofe  accurately   clofcd,  ht- 
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mack  three  liifplrations  and  expirations  of  nitrous  oxyd 
in  one  of  the  bags,  to  free  his  hmgs  as  much  as  pofTible 
from  atmofpheric  oxygen  ;  then  after  a  full  expiration  of 
the  nitrous  oxyd,  he  transferred  his  month  from  the 
mouthpiece  of  the  bag  to  that  of  the  airholder,  and 
turnino-  the  ftop-cock,  attempted  to  infpire  the  nitrous 
gas.  In  pafling  through  his  mouth  and  fauces  it  tafted 
adringent  and  highly  difagrceable,  caufed  a  fenfc  of 
burning  in  the  throat,  and  a  fpafm  of  the  epiglottis  fo 
painful  as  to  oblige  him  immediately  to  dcfift.  After  mov- 
ing his  lips  from  the  mouthpiece  which  he  opened  to  in- 
fpire common  air,  aeriform  nitrous  acid  was  inftantly 
formed  in  his  mouth,  which  burnt  the  tongue  and  palate, 
and  inflamed  the  mucous  membrane.  'He  never  intends 
again  to  attempt  fo  rafh  an  experiment. 

He  frequently  refpired  nitrous  oxyd  mingled  with  dif-  MoftextMi.. 
ferent  proportions  of  common  air  or  oxygen,  and  the  oi  n-„i.oys 
effetfls  produced  by  the  diluted  e;a3  were  much  lefs  violent  °/^'^  P'"'^ 

'^  ■'  °  duces  no 

than  thofe  produced  by  pure  nitrous  oxyd.     They  were  debility. 

generally  pleafant,  the  thrilling  was  not  often  perceived, 

but  a  fenfe  of  exhilaration  was  almofl  conftant.  ' 

Immediately  after  a  journey  of  126  miles,  being  much 
exhaufted  from  having  had  no  deep  the  precedino:  night, 
he  refpired  feven  quarts  of  nitrous  oxyd  for  near  three 
minutes.  It  produced  the  ufual  pleafurable  effects.  He 
continued  exhilarated  for  fomc  minutes  afterwards,  and  in 
half  an  hour  found  himftlf  neither  more  or  lefs  exhaufted 
than  before  the  experiment :  he  had  a  great  propenfity  to 
fleep.  He  repeated  the  experiment  four  or  five  times  the 
following  week  with  the  fame  effeel.  He  had  experienced 
no  decifive  exhauftion  after  the  excitement,  although  he 
was  ftill  far  from  being  fatisfied  it  was  unanalogous  to 
ftimulants  in  general. 

It  occurred  to  him,  that,  fuppofing  nitrous  cxyd  to  be 
a  ftimulant  of  the  common  clafs,  the  debility  produced 
in  canfequtnceof  exceflive  ftimulation  by  a  known  agent, 
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ought  to  be  iiicreafcd  after  excitement  from  nitrous 
oxvtl. 

He  therefore  drank  a  botilc  of  wine  in  large  draughts 
in  lefs  than  eight  minutes  (being  accuftomed  lo  drink 
onlv  water),  which  intoxicated  him.  Having  remained 
in  a  ftate  of  infenfibihty  for  two  hours  and  a  half,  he 
awakened  with  hcad-ach  and  painful  naufea.  His  bodily 
and  mental  debility  was  exceflive,  and  his  pulfe  feeble 
and  qiNck.  He  then  refpircd, twelve  quarts  of  oxygen  for 
nearly  four  minutes ;  and  he  fuppofcd  lie  was  fomewhat 
exhilarated.  The  head-ach  and  debility  flill  continuing 
with  violence,  he  refpired  feven  quarts  of  pure  nitrous 
'  oxyd  for  two  minutes  and  a  half.     He  was  unconfcious 

of  head-ach  after  the  third  infpuation,  and  was' exceed- 
ingly exhilarated.  The  next  niorning  he  was  well.  This 
proves  that  debility  from  intoxication  was  not  incrcafed 
by  excitement  from  nitroiis  oxyd. 

To  afcertain  with  certainty  whether  the  mofl  exlenfive 
action  of  nitrous  o.^yd  compatible  with  life  was  capable 
of  producing  debility,  he  refolved  to  breathe  the  gas  for 
fuch  a  lime  and  in  fuch  quantities  as  to  produce  excite- 
ment equal  in  duration,  and  fuperior  in  intenfity,  to  that 
occafioned  by  high  intoxication  from  opium  or  alcohol. 
To  habituate  himfeif  to  the  excitcmeni>  and  carry  it  on 
gradually,  he  was  enclcfcd  in  an  air-tight  breathing  box 
of  the  capacity  of  9  2- feet.  Taking  a  fituation  in  which 
he  could,  by  means  of  a  curved  thermometer  inferted 
xmder  the  arm,  and  a  flop  watch,  afcertain  his  pulfe  and 
animal  heat,  twenty  parts  of  nitrous  oxyd  were  thrown 
into  the  box  ;  the  fniell  and  talle  were  immediately  evi- 
dent. In  f(nn-  tninutes  he  felt  a  flight  glow  in  the  checks 
and  a  dillufed  warmth  over  the  ehell,  though  the 
temperature  of  the  box  was  not  quite  50'^  ;  his  pulfe 
was  104  and  hard,  the  animal  heat  93'^.  In  ten  mi- 
nutes the  animal  heat  was^  near  99'^;  in  a  quarter 
of  an  hour  09.5%  and  the  pulfe  102,  and  fuller  than 
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before.  Twenty  quarts  more  were  now  thrown  into  the 
box,  and  well  mingled  by  agitation.  In  twenty  five 
minutes  the  animal  heat  was  100°,  pulfc  124.  In  thirty 
minutes  twenty  quarts  more  were  introduced  :  his  fenfa- 
tions  were  exhilaration,  a  generally  difFufcd  warmth,  and 
a  difpolition  to  mufcular  motion  and  merriment.  In  three 
quarters  of  an  hour  the  pulfe  was  104,  animal  heat  not 
99.3°,  the  temperature  of  the  chamber  was  64,  the  plea- 
furable  feelings  increafed,  the  pulfe  fuller  and  lower  j  and 
in  about  one  hour  it  was  8S,  and  the  animal  heat  99\ 
Twenty  quarts  more  were  admitted.  He  had  now  a 
great  difpofiiion  to  laugh,  luminous  points  palled  before 
the  eyes,  his  hearing  more  acute,  and  a  pleafant  iight- 
nefs  and  power  of  exertion  were  felt  in  his  mufcles.  The 
fymptoms  then  became  ilationary,  refpiration  rather  op- 
preTTed,  and  from  the  great  defire  of  action  reft  was  pain- 
ful. He  now  came  out  of  the  box,  having  been  in  pre- 
cifely  one  hour  and  a  quarter. 

He  immediately  began  to  refpire  twenty  quarts  of  pure 
nitrous  oxyd ;  a  thrilling  extending  from  the  cheft  to  the 
extremities  was  almoft  immediately  produced;  his  plea- 
furable  fenfations  Increafed,  he  loft  all  connexion  witli 
external  things,  and  he  exifted  in  a  world  of  newly  con- 
nected and  newly  modified  ideas.  When  awakened  from 
this  femidclicious  trance  by  the  bag  being  taken  from  his 
mouth,  indignation  and  pride  were  his  firft  feelings  at 
fight  of  thofe  around  him  ;  his  emotions  were  enthufuiftlc 
and  fublime.  Three  minutes  and  a  half  had  only  elapfcd 
during  the  experiment,  but,  from  the  relative  vividnefs  of 
the  recollc6led  ideas,  it  appeared  much  longer  to  him. 
Not  more  than  half  of  the  nitrous  oxyd  was  confumed. 
.  After  a  minute,  before  the  thrilling  of  tlic  extremities  had 
diiappcared,  he  breathed  the  remainder.  Similar  fenfa- 
tions were  again  produced  ;  he  was  thrown  into  the  plea- 
furable  trance,   which  continued  longer  than  before,  II« 
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ate  his  dinner  with  great  appetite,  found  himfeirunufually 
cheerful  and  aiSlive  at  night,  enjoyed  profound  rcpofc  in 
bed,  and  awoke  in  the  morning  with  confcioufuefs  of 
pleafurable  exiftence,  which  continued  more  or  lefs 
through  the  day. 

He  has  fince  often  breathed  the  nitrous  oxyd,  and  his 
fufceptibihty  to  it's  power  is  rather  increafed  than  dimi- 
niflied.  He  finds  fix  quarts  a  full  dofe,  but  is  rarely 
able  to  refplre  it  in  any  quantity  for  more  than  two  mi- 
nutes and  a  half.  The  mode  of  it's  operation  however  is 
fomewhat  altered,  and  is  very  different  at  different  limes. 
He  is  fcarcely  ever  excited  into  violent  mufcular  a6lion  ; 
the  emotions  are  generally  much  lefs  intenfe  and  fublime 
than  in  the  former  experiments,  and  not  often  connc6led 
with  thrilling  in  the  extremities.  When  troubled  with 
indigeftion,  he  was  two  or  three  times  unpleafantly*  af- 
fc6led.  Cardialgia,  eru6lations,  and  unpleafant  fulnefs 
of  the  head  were  produced.  He  has  often  felt  great  plea- 
fure  when  breathing  it  alone,  in  darknefs  and  filence,  oc- 
cupied only  by  ideal  exil^ence.  In  two  or  three  inftanees, 
when  breathed  amidll  noife,  the  fenfe  of  hearing  has  been 
painfully  affected  even  by  moderate  intenfity  of  found. 
The  light  of  the  fun  has  fomctimes  been  difagreeably 
dazzling.  Whenever  breathed  after  excitement  from 
moral  or  phyfical  caufes,  the  delight  has  been  often  in- 
tenfe and  fublime. 
Conclufion.  From  the  fa<Sls  already  laid  down,  it  appears  that  the 
immediate  cffe^ls  of  nitrous  oxyd  upon  the  living  fyfteni 
are  analogous  to  thofe  of  dilTufible  flimuli  :  both  inercafe 

o 

the  force  of  circulation,  produce  pleafurable  feeling,  alter 
the  condition  of  the  organs  of  fenfation,  and  in  iheir 
mofl  extenfive  action  deftrov  life.  In  the  mode  of  ope- 
ration of  nitrous  oxyd  and  diffufible  flimuli,  confidcrable 
dilferences,  however,  exifl.  Diffufible  flimuli  a6l  im- 
mediatelv  on  the  mufcular  and  nervous  fibre:  nitrous 
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oxyd  a£ls  upon  them  only  by  producing  peculiar  changes 
in  the  compofition  of  the  blood,  Diffufible  ftimuli 
afTciSl  that  part  of  the  fyflem  moft  powerfully  to  which 
they  are  applied,  and  a6l  on  the  whole  only  by  fympathy 
with  that  part :  nitrous  oxyd,  in  combination  with  the 
blood,  is  univerfal  in  it's  application  and  a6lion. 

As  life  depends  immediately  on  certain  changes  effe(Sled 
in  the  blood  in  refpiration,  and  ultimately  on  the  fupply 
of  certain  nutritive  matter  by  the  lymphatics,  it  is  rea- 
fonable  to  conclude,  that  during  the  a6lion  of  ftimulating 
fubllances,  from  the  increafed  force  of  circulation,  not 
only  more  oxygen,  and  perhaps  nitrogen,  muft  be  com- 
bined with  the  blood  in  refpiration,  but  alfo  more  fluid 
nutritive  matter  fupplied  to  it  in  circulation. 

By  this  oxygen  and  nutritive  matter  excitability  may 
be  kept  up  ;  and  exhauftion,  confequent  to  excitement, 
only  produced,  from  a  deficiency  of  fome  of  the  nutritive 
principles,  fupplied  by  abforption.  Then  nitrousoxyd is 
breathed  ;  nitrogen  (which  in  fluid  compounds  is  carried 
into  the  blood  by  the  abforbents)  is  fupplied  in  refpiration; 
a  greater  quantity  of  oxygen  is  combined  with  the  blood 
than  in  common  refpiration,  whilft  lefs  carbonic  acid  and 
probably  lefs  water  are  evolved.  Hence  probably  a 
fmaller  quantity  of  nutritive  matter  is  required  from  the 
abforbents  during  the  excitement  from  nitrous  oxyd,  than 
during  the  operation  of  ftimulants ;  and,  in  confequence, 
exhauftion  from  the  expenditure  of  nutritive  matter  more 
feldom  occafioned. 

He  has  lately  endeavoured  to  afcertain  the  quantities  of 
nitrogen  produced,  when  nitrous  oxyd  is  refpired  for  a 
confiderable  time.  In  one  experiment,  when  he  breathed 
about  four  quarts  of  gas  in  a  glafs  bell  over  impregnated 
water  for  near  a  minute,  it  was  diminifhed  to  about  two 
quarts,  and  the  refiduum  extinguiflied  flame. 
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Now  his  experiments  prove,  jhat,  when  nitrous  oxyd 
is  dec om poled  by  combuftible  bodies,  the  quantity  of  ni- 
trogen evolved  is  rather  greater  in  volume  than  the  pre- 
cxifting  nitrous  oxyd.  Hence  mueh  of  the  nitrogen  taken 
into  the  fyftem   during  the  refpiration  of  nitrous  oxyd 
niufl  be  either  carried  into  new  combinations,  or  given 
out  by  the  capillary  vclfels  through  the  ikin.     Tlie  va- 
rious effefts  of  nitrous  oxyd   upon  dilferent  individuals, 
and  upon   the  fame  individual  at  different  times,  prove 
fhat  it's  powers  are  capable  of  being  modified,  both  by 
the  peculiar  condition  of  the  organs,  and  by  the  ftate  of 
general  feelino-      It  is  probable  that  plcafurable  feeling  is 
miiformlv  conac6led  with  a  moderate  increafe  of  nervous 
a£lion  ;  and  this  increafe,  when  carried  to  certain  limits, 
produces  mixed  emotion  or  fublime  pleafure,  and  beyond 
occafions  abfolute  pain.     From    comparing  facts,  it  is 
likely  that  individuals  pofTefled  of  high  health  and  little 
fenfibility  will  generally  be   lefs  pleafurably  affedted  by 
nitrous  oxyd,  than  fuch  as  have  more  fenfibility,  in  whom 
the  emotions  will  fometimcs  fo  far  enter  the  limits  of  pain 
as  to  become  fublime;  whilil  the  nervous  aclion  in  fuch 
as  have  exquifite  fenfibility  will  be  fo  much  increafed  as 
often  to  produce  diHigreeable  feeling.   Modification  of  the* 
nitrous   oxyd   bv  oxvgen  or  common  air  will  probably  • 
enable  the  moft  delicately  fenfible  to  refpire  it  without 
danger,  and  even  with  pleafurable  effe6ls ;    in  it's  pure 
form  the  mofl  robuft  are  unable  to  refpire  it  with  fafety 
for  more  than  five  minutes.    Hyfterical  afFedlion  is  oeca- 
fioned  by  it,  probably  only  from  the  ftrong  emotion  pro- 
duced dc^tro^'ing  the  power  of  the  will. 

The  quicknefs  of  the  operation  of  the  oxyd  will  pro- 
bably render  it  ufeful  in  cafes  of  extreme  debility,  pro- 
duced by  deficiency  of  common  exciting  powers ;  and 
perhaps  when  mixed  with  oxygen  or  common  air,  it  may 
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be  ufed  to  recover  perfons  apparently  dead  from  fufToca- 
tion  by  drowning  or  hanging,  as  by  it's  immediate  oper- 
ation the  tone  of  the  irritable  fibre  is  increafed,  and  as 
exhauftion  rarely  follows  the  violent  mufcular  motions 
fomctimes  produced  by  it,  it  may  be  of  ufe  in  fimple 
mufcular  debility.  As  it  appears  capable  of  deftroying 
phyfical  pain,  it  may  be  of  ufe  in  furgical  operations 
where  no  great  efFufion  of  blood  takes  place. 

From  the  ftrong  inclination  of  thofe  who  have  been  plea- 
fantly  affefted  by  the  gas  to  refpire  it  again,  it  is  evident 
the  pleafure  produced  is  not  loft,  but  that  it  mingles  with 
the  mafs  of  feelings,  and  becomes  intelle6lual  pleafure  or 
hope.  The  defire  of  fome  acquainted  with  the  pleafures 
of  nitrous  oxyd  has  been  fo  great,  as  to  induce  them  to 
breathe  with  eagernefs  the  air  remaining  in  the  bags  after 
the  refpiration  of  others. 

As  hydrocarbonat  a£ls  as  a  fedative,  and  diminiflies 
living  a6lion  as  rapidly  as  nitrous  oxyd  increafes  it,  it 
would  follow,  that  by  differently  modifying  the  atmo- 
fphere  by  means  of  this  gas  and  the  oxyd,  we  fliould  be 
in  podeffion  of  a  regular  feries  of  exciting  or  depreffing 
powers  applicable  to  every  deviation  of  the  conftitution 
from  health ;  but  the  common  theory  of  excitability  is 
moft  probably  founded  on  a  falfe  generalization.  The 
modifications  of  difeafed  a6lion  may  be  infinite  and  fpe- 
cific  in  different  organs;  and  hence  out  of  the  power  of 
agents  operating  on  the  whole  of  the  fyftem. 

Pneumatic  chemiftry  in  it's  application  to  medicine  is 
an  art  in  infancy,  weak,  almoft  ufelcfs,  but  apparently 
pofTeffed  of  capabilities  of  improvement.  To  be  ren- 
dered ftrong  and  mature  fhe  muft  be  nouriihed  by  fa6ts, 
flrengthcned  by  €xercife,  and  cautioufly  dire(5lcd  in  the 
application  of  her  powers  by  rational  fccpticifm. 

Approximations  to  the  compofitioa  and  weight  of  the 
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aeriform  conitinations  of  nitrogen  at  temperature  55^ 
and  atmofpheric  preflure  30. 
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^nimaltzatlon.     This  is  a  procefs  which   the   animal  Anima!iza« 
machine  makes  ufe  of  to  convert  vegetable  matters  taken  "°"' 
into  the  ftomach  for  the  fake  of  nutrition  into   animal 
matter;  and   ajfimllatlon  is  the  tranflation  of  alimentary  AfTimila- 
fubftances,  whether  produced  from  the  vegetable  or  ani-  """' 
mal  kingdom,  into  fuch  a  (late  as  renders  them  fimilar  to 
the  different  parts  of  which  they  are  to  become  a  confti- 
tuent  part. 

Thefe  proceffes  are  fuppofcd  to  be  'brought  about  by  a  Suppofccfto 
chemical  a6tion  ;  and  perhaps  amongfi:  all  the  operations  prucef^'s!^^ 
which  take  place  in  the  animal  economy,  there  is  no  one 
that  refembles  the  chemical  a6lion  more  than  that  which 
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brings  about  the  fucceflivc  changes  aliments  undergo, 
from  the  inl^ant  they  are  received  into  the  flomach  to  the 
period  at  wliich,  after  having  traverfcd  the  organs  of  re- 
fpiration,  they  only  form  a  part  of  one  homogeneous 
fluid,  the  blood,  in  the  fyftem  of  circulation,  which  isde- 
flined  for  the  nourifliing  and  the  repairing  of  the  different 
parts  of  the  animal  body.  This  converfion  of  aliment 
into  an  animalized  fluid,  afterwards  deftined  to  form  the 
various  folids  and  fluids,  is  undoubtedly  one  of  the  mod 
beautiful,  Angular,  and  intcrefting  fubjecls  the  living 
animal  machine  can  offer  to  the  inveftigation  of  the  che- 
mical phyfiologin:,  and  is  one  of  thofe  which  has  always 
appeared  to  phllofophers  the  moff  myflerious  to  conceive, 
and  the  moft  intricate  to  unravel,  of  any  of  the  operations 
that  animal  life  prefents. 

It  is  but  a  few  years  ago  fince  it  was  even  forefeen  that 
the  fcicnceof  chemiflry  would  ever  be  able  to  furnifli  any 
thing  that  could  explain  the  operation  of  this  function, 
by  which  tlie  fucceflivc  and  uninterrupted  reprodu»Slion 
of  all  the  parts  of  the  body  is  brought  about.  It  was 
ncccfTary  that  the  nature  of  the  atmofpheric  air  fliould  be 
underllood,  the  ofKce  of  rcfpiration  be  known,  and  the 
analvfis  of  animal  matter  and  it's  eflential  diflerencc  from 
vegetable  matter  fliould  be  clearly  indicated  ;  thcfe  points 
being  once  determined,  there  was  much  lefs  difflculty  in 
concluding  in  what  confifted  the  afflmilation  of  aliments, 
and  this  has  been  effe6led  by  the  new  fyfiem  of  chcmiftryj 
but  it  will  be  nccefl!ary  firft  to  give  an  account  of  the  idea 
the  defenders  of  the  old  fyflem  had  conceived  of  anima- 
lization,  in  which  phlogifton  formed  as  ufual  a  confpi- 
cuous  part. 
Ofi.ionof  Kcr,  the  ingenious  author  of  the  Di6lionary  of  Che- 
midry,  appears  to  have  formed  his  idea  of  aninialization 
from  Macquer,  who  confidered  the  converfion  of  vege- 
table matters   into  animal  to""  be  pfincipally  ctic<^cd  by 
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means  of  a  fermentation,  or  the  beginning  of  a  long  and 
unobfervable  pulrefa6lion,  and  which  originated  in  the 
conjectures  of  Hippocrates  and  Empedocles. 

Thischemift  has,  however,  greatly  enlarged  the  plan, 
and  improved  the  hypothefis  of  his  predecelTors.  He  is 
of  opinion,  that  when  vegetable  fubftanccs  are  received 
as  food  into  the  bodies  of  animals,  the  changes  they  un- 
dergo, and  elaboration  they  fuffer  by  the  animal  powers, 
is  a  chemical  procefs,  which  procefs  appears  to  be  a  con~  is  an  inci- 
ttnuaily  commencing  putrejaaiori,  continuall\^  chccRed  and  fai^ion. 
fubducd.  The  figns  of  this  commencing  putrefa6lion,  he 
affirms,  are  the  expulfion  of  fixed  air,  the  black  colour 
the  venous  blood  acquires,  the  more  difengaged  Hate  of 
phlogifton  in  animal  bodies  than  in  vegetables,  whence 
they  receive  their  food,  their  greater  putrefcency,  their 
difpofition  to  give  in  great  quantity  volatile  alkali  by 
dilliilation,  and  phlogiflicated  air  by  addition  of  nitrous 
acid,  which  fubilances  are  known  to  be  products  of  pu- 
trefaftion. 

This  putrefcency,  however,  appears  to  be  confined 
within  limits,  during  life,  contrary  to  the  known  ten- 
dency of  animal  matters  deprived  of  life,  which  haften 
rapidly  to  putrefaftion;  that  the  vital  counteracting  caufes 
by  which  the  natural  tendency  of  animal  matters  to  pu- 
Irefaftion  is  continuallv  checked,  is  owing,  in  fome  mea- 
fure,  to  the  frequent  indigeftion  of  frefli  food,  efpecially 
of  vegetables ;  but  as  many  animals  are  known  to  live  folely 
on  animal  food,  and  this  often  in  a  putrid  fi:ate,  whiLI 
they  enjov  health  and  foundnefs,  there  mufi.  be  another 
principal  caufe  to  be  equivalent  to  fo  great  and  uniform 
an  effeCl,  which  this  chemifi:  affirms  to  be  the  abforption 
of  air  by  the  lungs.  It  is  obferved,  that  the  expulfion  of 
pure  air  in  the  form  of  fixed  air,  and  of  a  difengaged 
phlogifton  in  the  form  of  infiammable  gas,  are  the  mofl 
confiderable  phenomena  in  refpe^  to  quantity  and  dui\i-. 
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tion,  which  appear  in  the  putrefa6live  proccfs.  In  the 
fame  manner,  the  expuKion  of  pure  air  in  refpiration,  in 
the  form  of  fixed  air,  and  the  confequent  predominancy 
Difcngagc  and  difenffac;einent  of  phloe;irton  in  the  body,  is  the  ac- 
hiogiiion.  tual  ftate  of  the  animal  procefs.  If  this  predominant 
phlogifton  were  not  conrtantly  combined  with  the  pure 
air,  which  is  abforbed  by  the  kmgs  in  refpiration,  it 
would  proceed  as  it  docs  in  the  putrefaclion  of  matters 
not  in  living  animals,  /'.  e.  it  would  form  inflammable 
gas,  and  phlogifticated  air,  and  adl  as  a  ferment  in  haf- 
tening  the  putrefactive  dilTolution.  The  very  remarkable 
effedt  of  inflammable  gas  in  promoting  the  putrefa£lion 
of  animal  bodies  immerfed  in  it,  is  fliown  by  an  experi- 
ment dcfcribed  by  Sage  in  the  Mem.  de  I'Acad.  Roy.des 
Sc.  a  Paris,  An.  1784;  and  although  it  is  probable  the 
difengaged  phlogifl:on  would,  if  not  combined  with  in- 
fpired  pure  air,  occafion  death  by  fome  immediate  a6lion 
on  the  nervous  fyfl:em,  yet  the  livid  hue  obfcrved  in  men 
in  afphyxy,  or  fufTocation  from  foul  air,  fliows  that  the 
blood  fuddenly  fuffers  a  chemical  alteration. 
Putrefcency      p^jr^  air  then,  accordina;  to  Ker,  is  no  fooner  abforbed 

oppofi.  d  by  ^  ,  -1  •  1         r    n 

pure  air.  than  it  givcs  immediate  figns  of  counteracting  the  firft: 
indications  of  putrefcency,  which  appear  in  the  dark 
colour  of  the  blood  brought  into  the  lungs,  by  inftanta- 
neoufly  changing  this  colour  to  a  vivid  hue.  This  change 
of  colour  from  a  dark  red  or  black  to  a  florid  red,  exatSlly 
'correfponds  with  the  known  effecls  of  the  diflerent  fluids 
upon  the  colour  of  blood.  For  a  dark  livid  colour  is  pro- 
duced by  expofing  blood  out  of  the  body  to  inflammable 
gas,  fixed  air,  or  phlogilVicated  air,  and  a  florid  red  hue 
is  given  to  blood  by  pure  or  atmofpherical  air.  The  ex- 
periments which  have  been  made  by  expofing  blood  to 
pure  air,  befides  prove,  that  this  fluid  has  a  r-emarkable 
power  of  abforbing  this  air.  Putrefying  fubfl:ances  have 
the   {iunepoweri  for  Dr.   Prieftlcy   obfervcd,  thattlmy 
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diminlflied  the  bulk  of  the  mafs  of  air  to  which  they  were 
expofedj  notwithftanding   fubftances  in  that  flate  emit 
fixed  air  and  inflammable  gas.      It  is  by  means   of  this 
conftant  counteraiSlion  of  the  putrefcency  of  the  blood, 
according  to    Ker,  that  opportunity  and  time  are  given 
for   various    other  gradual   changes,  combinatiokns,  and  Formation 
acconipoiitions  to  take  place;  m  conicqucnce  or  which  parts, 
changes  the  different  animal  fluids  may  be  (uppofed  to  be 
formed.     Thus  he  conje6lures  the  red  part  of  the  blood 
is  firft  formed  in  u  great  meafure  from   the  chyle,  both 
being  of  an  oleaginous  nature;  but  with  this  difference, 
that  the  oily  matter  in  the  chyle  is  imperfe6lly  mixed, 
and   confequently, gives  the  ufual   opake  whitcncfs  mix- 
tures of  oil  and  water  generally  exhibit ;  whereas  the  oil 
in  blood  is  more  pcrfe6lly  combined  with  earthy  matter, 
probablv  by  abfor^ition  of  pure  air  in  refplration.     It  may 
be  remarked,  that  thcfe  tv/o  anim.al  liquors,  the  chyle  and 
the  red   blood,  contain  particles  viiible  by  means  of  the 
microfcope.     But  a  more  conclufive  operation  has  been 
taken  notice  of,  viz.   that  one  of  the  mod  immediate 
effefts  of  famine  is  to  diminifh  the  proportion  of  the  red 
blood.     The  fuperfiuous  oil  of  the  chyle  is  fcparated  and 
dcpofited  in  proper  cells,  without   undergoing  much  al- 
teration.    For  the  tallow  of  animals  which  live  on  veo-e- 
tables  retains  the  properties  of  vegetable  oils,  particularly 
that  of  making  hard  foap  with  mineral  alkali;  whereas 
the  greafe  of  carnivorous  animals,  and  the  oil  of  fifh,  feeni 
altered  by  the  animal  procefs,  and   are  capable  only  of 
making  a  foftsr  foap.     The  red  particles  of  the  blood, 
having  a  fufficient  proportion  of  phlogiflon  in  their  com- 
pofition,  are  more  difpofed  than  the  other  parts  of  the 
blood   to   putrefcency  :  accordingly,  as  their  phlogiflon 
gradually   leaves  them,  principally  to  form  the  fixed   air 
extricated  by  the  lungs,  their  proportion  of  the  other  ele- 
ments increafes,  /.  e.  they   are  gradually  refolved  into  a 
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compound  containing  lefs  phiogilion,  but  more  earth, 
water,  and  air;  which' compound  this  chemift  conceives 
to  be  tiie  coagulable  part  of  the  fcrum,  which  being 
foluble  in  water,  mixes  with  the  watery  particles  received 
with  the  food,  and  forms  the  ferum.  In  confequence 
of  the  dephlogllUcation  of  the  red  blood,  by  which  it  is 
thus  fuppofed  to  be  converted  into  the  coagulable  matter, 
this  matter  poflefles  lefs  putrefcency,  has  even  fome 
accfcent  tendency,  and  when  diftilled,  leaves  a  more 
earthy  and  lefs  inflammable  coal.  Som.e  particles  of  this 
matter  are  denfcr  and  more  eafdy  coagulable  than  others, 
and  thofe  which  coagulate  with  the  lead  cold,  have  been 
called  \\\^  fibrous  part  of  the  blood,  and  are  found  to  in- 
velop  the  red  particles,  when  blood  let  out  of  the  veins  is 
cooled.  As  this  matter  is  thus  formed  by  the  decompo- 
lition  of  the  red  blood,  in  the  circulation,  the  more  the 
force  of  the  circulation  is  increafed,  the  more  the  parti- 
cles in  the  blood  will  be  agitated  and  brought  into  conta6V, 
the  more  this  decompofition  will  be  accelerated,  and  the 
larger  quantity  of  this  coagulable  matter  will  be  formed, 
a  oood  deal  .of  which  will  be  of  the  denfcr  kind,  till  the 
continuance  of  the  fame  caufes  relolves  it  into  other  fluids 
]efs  denfe.  For  this  matter  alfo,  according  to  this  che- 
mift, although  lefs putrefcent  than  the  red  blood,  never- 
thelefs  undergoes  gradually  it's  peculiar  changes  and  de- 
compoations,  by  which  niore  of  it's  phlogifton  is  evolv- 
ed, and  the  remaining  elements,  earth,  air,  and  water, 
Leing  in  greater  proportion,  approach  more  to  a  faline 
ftate,  and  at  laft  are  ex'creted  pruicipally  in  the  form  of 
phofphoric  falts,  with  bafes  of  calcareous  earth,  fixed 
and  volatile  alkali ;  which  accordingly  appear  in  the 
tirine  and  other  excretions,  efpecially  after  an  increafed 
circulation.  As  the  changes  of  the  blood  are  proo-reflive, 
the  juices  muft,  at  different  times,  aflimie  a  variety  of 
forniSj  and  in  thefe  diiT'jreul  ftatcsj  they  may  be  fecrcted 
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by  organs  fitted  for  their  peculiar  reparations  by  the  di- 
verfity  of  the  diameters  of  the  fecretory  veiTels,  as  fome 
authors  have  conjetlured  with  much  plaufibillty,  or 
other  appropriated  mechanical  ftru6lure. 

The  gluten  of  the  flour  of  wheat  feems  to  be  fimilar  to 
the  more  denfe  coag^ulable  matter  of  the  blood  in  it's  tex- 
ture, it's  degree  of  folubility  in  water,  and  in  the  produ6ls 
it  yields  bv  expofure  to  diftillation,  viz.  volatile  alkali  and 
phofphorus.  In  fome  animak,  as  the  teftaceous,  a  part 
of  the  earth  in  their  compofition  is  entirely  feparated  from 
the  other  elements,  and  appears  in  it's  proper  ftate, 
forming  together  with  forne  portion  of  animal  gluten  the 
fliells  of  thefe  animals.  A  fimilar  kind  of  glutinous  fub- 
flance  is  formed  by  the  fpontaneous  decompontion,  to 
which  oily  vegetable  acids,  as  cream  of  tartar  and  com- 
mon vinegar,  are  fubjecl.  The  tenaceous  cruft  then 
formed  poflefles  the  fame  texture  and  chemical  qualities 
as  animal  or  farinaceous  gluten.  Laftly,  the  cafcous  part 
of  milk  poiTcifes  the  fame  properties.  In  thefe  feveral 
animal  and  vegetable  glutens,  the  earth  appears  to  be  the 
prevalent  element  in  the  compofition,  and  their  forma- 
tion feems  to  conflitute  one  of  the  more  advanced  flakes 
in  the  gradual  changes  which  take  place  in  organic  bo- 
dies. Such  is  the  opinion  of  this  learned  cheniift  re- 
fpe6ling  the  procefs  of  animalization. 

The  ncwdoftrine  of  chemiftry,  fo  inimical  to  the  phlo-  Opinion  of 
giftic  fyftem,  has  equally  changed  the  method  cf  ex-  ^'''^'^* 
plaining  the  phenomena  of  animalization,  as  well  as 
that  of  other  procefles,  and  has  fubftituted  in  it's  place  a 
theory  that  is  much  better  luited  to  the  ftuSls  that  hax-^ 
been  collected  upon  that  vital  funftion,  and  to  the  ana- 
lyfis  of  the  fubftances  that  are  it's  objects,  than  what 
could  have  been  done  by  the  old  theory. 

From  the  experiments  of  Berthollet,  we  are  indebted 
for  the  difcovery  thai  it  is  principally  by  the  prefence  of 
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azot  that  the  matters  of  the  animal  kingdom  differ  from 
the  vegetable ;  it  is  therefore  neceilliry  firll  to  know,  in 
explaining  this  fubje6l,  by  what  means  azot  is  found 
more  abundantly  in  animals,  and  this  being  once  ac- 
counted for,  will  form  the  bafis  of  our  knowledge  on 
aninializatlon.  It  may  be  eafily  conceived  that  the  diffi- 
culty of  acquiring  this  knowledge  can  only  relate  to  thofe 
animals  that  live  on  vegetable  matter,  for  the  origin  or 
the  fource  of  that  principle  in  thofe  animals  that  feed  on 
the  fame  food  as  thcmfelves  are  compofed  of,  /.  e.  on 
animal  food,  needs  no  invefligation. 

For  the  attempt  to  explain  the  funclion  of  anlmaliza- 
tion  upon  antiphlogiftic  principles,  wc  are  indebted  to 
Halle,,  who  has  colle6led  a  number  of  new  truths  from 
the  labours  of  modern  chemifts,  and  formed  a  theory  on 
the  influence  of  the  air  in  the  operation  by  which  the 
aliments  are  converted  into  animal  fubftances. 

Having  introduced  his  fubjeft  with  fome  account  of 
the  analogies  that  fubfi ft  between  vegetable  and  animal 
matters,  particularly  between  vegetable  gelatin,  and  glu- 
ten and  animal  gelatin,  and  fibrin,  which  are  the  prin- 
cipal parts,  and  thofe  which  form  with  the  phofphat  of 
lime  the  moft  univerfal  bafis  of  animal  folids  ;   he  goes  on 
by  obfervlng,that  there  is  a  character  of  refemblance  much 
more  important,  and  for  the  knowledge  of  which  we  are 
principally  indebted  to  Berthollet.     It  is,  that  all  vege- 
table and  animal  fubfl:ances  ferving  us  for  food,  and  all 
Analogy      of  thofc  compofine."  OUT  owu  folids  and  fluids,  except  a 
reset.ibie     vcry  tcw,  havc  one  common  balls  in  their  compoluion, 
and  ar.imal  ^y}-,i(_.|j  j^  d'.fl'ercntlv  Combined,  accordincr  to  the  diverfitv 
of  thefe  fubftances,  and  which  is  fufccptible  of  changing 
their  combination  by  a  great  number  of  diiTerent  opera- 
tions.   This  common  bafis  is  that  of  the  oxalic  acid,  i.  c. 
that  fubftatice  which  combined  with  oxygen,  the  princi- 

ti  2 v^  One 

.:.;jii/nL.i<      pl^  that  fomis  acidt;,  gives  rill  to  Ihe  acid,  fornjerly  called 
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faccbarine  acid,  but  now  known  by  the  name  of  oxalic  J^afis,  the 

.  ,  oxalic  acid. 

acid. 

This  bafis  is  that  of  all  nutritive  fubftances  !n  general. 
The  faccharine  matter,  the  mucilage,  the  fecula,  the 
gelatinous  and  mucous  juices  of  vegetables,  the  vegetable 
gluten,  a  great  number  of  vegetable  acids,  and  likewife 
all  animal  mucilages  ;  their  jellies,  their  fibrous  part, 
their  albuminous  fubftance,  and  the  cafeous  part  of  milk, 
have  all  of  them  the  fame  principle  for  a  bafis,  which  is 
that  of  the  oxalic  acid.  This  is  proved  by  the  nitric 
acid. 

Likewife,  the  fat  oils  of  vegetables,  the  butters,  and 
the  animal  fats,  the  analyfis  of  which  does  not  afford  ex- 
a6lly  the  fame  refult,  appear,  as  is  attefled  by  feveral 
phenomena  of  the  animal  economy,  to  be  capable  of  be- 
ing transformed  into  this  bafis,  and  from  the  knowledtie 
that  has  been  acquired  on  the  itate  of  this  ifolated  oxalic 
bafis,  there  is  reafon  to  prefume,  that  if  there  be  not  a 
perfeil  identity  between  it  and  the  fat  oils,  there  is  only 
a  difference  in  the  combination,  the  nature  of  which 
Lavoifier  appears  to  have  nearlv  determined:  this  chemifl 
afilerts,  that  this  bafis,  as  well  as  the  oils,  is  formed  of 
hydrogen  and  carbon,  but  both  in  the  flate  of  oxyds,  and 
which  confequently  is  the  point  of  refemblance  between 
all  fubftances  capable  of  affording  nourifhment. 

Such  is  the  analogy.  As  to  the  difference,  we  are  Difforence 
indebted  for  this  part  of  the  analyfis  to  Berthollet,  who,  ^^^f^ee" 
purfuing  the  fleps  of  Bergman  and  Scheele,  has  been 
able  to  demonflrate  the  different  principles  to  which  the 
oxalic  bafis  is  combined,  both'-in  animal  and  vegetable 
fubftances,  whilfl  Fourcroy  has  likewife  contributed  to 
augment  the  knowledge  this  important  analyfis  has  prQr 
cured  us. 


with  az.ot 
in  animal 
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The  oxalic       j^  jg  demoiiftratcd  by  the  labours  of  the  above  chemift, 

bafis  com- 

bintdwith  that  in  all  thefe  fubftances,  the  oxalic  bafis,  without 
vcgcubics,  changing  it's  nature,  is  more  particularly  combined  with 
two  different  principles. 

1.  With  the  principle  of  charcoal  or  carhon,  the 
fame  which,  when  combined  with  the  bafis  of  vital 
air,  forms  carbonic  acid. 

2.  With  one  of  the  conftituent  principles  of  vo- 
latile alcali,  or  azoty  which  forms  the  bafis  of  azot 
gas. 

The  firfl:,  or  carbon,  is  more  abundant  in  vegetable  fub- 
ftances ;  the  fecond,  or  azot,  is  found  in  greater  propor- 
tion in  animal  fubftances.  Thofe  which  contain  car- 
bon in  great  abundance,  and  little  or  no  azot,  are  like- 
wife  thofe  which  in  their  fpontaneous  decompofition 
give  early  figns  of  acefcence ;  thofe,  on  the  contrary, 
which  contain  a  great  portion  of  azot,  become  fuddenly 
alcalefcent. 

Thus  when  vegetable  fubfi;ances  become  anlmalized, 
and  when  our  aliments,  which  are  in  general  lefs  anima- 
lized,  than  ourfelves,  are  affimilated  to  our  own 
fubfi:anee,  it  may  be  faid  the  change  which  then  takes 
place  in  them  confifts  for  the  moft  part  in  their  oxalic 
bafis  combining  with  a  greater  proportion  of  the  bafis  of 
azot  gas,  or  c,%ot ;  whilft  on  the  contrarv,  it  lofes  a 
part  of  the  principle  of  charcoal,  or  carbon,  to  which 
it  might  be  united  :  on  conHdering,  therefore,  that  on 
analyfis,  if  either  the  one  or  the  other  of  thefe  princi- 
ples be  feparaled  from  the  oxalic  bafis  to  which  they  arc 
united,  the  combinations  into  which  they  pafs,  almofl 
always  give  rife  to  fome  elaftic  fluids ;  it  will  be  readily 
conceived,  how  much  the  confideration  of  thefe  fluids 
in   the   animal  economy  ought  to   attra<5l  the  attentiggL 
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of  phyficlans,   arid  how  it  may  facilitate  the  knowledge 
of  the  mofl  important  phenomena  of  our  functions. 

Halle  having  compared,  in  the  manner  above  men- 
tioned, the  different  fubftances  that  enter  into  the   com- 
pofition  of  our  aliments,  and  into  that  of  our  organs, 
which  he  calls  the  firft  order  of  fafts,  continues  the  fub-  Firft  and 
je6l  by  the  fecond  order  of  fa£ls,  comprehending  de^oflas' 

1.  The  Hate  of  the  elaflic  fluids  contained  in  the  ali- 
mentary canal. 

2.  The  changes  the  air  undergoes  during  refpiratiom 

3.  The  alterations  it  undergoes  in  it's  contact  with  the 
ilcin. 

With  refpe^l:  to  the  firjl.  This  chemift  informs  us, 
the  obfervations  which  Jurine  of  Geneva  made  on  the 
Hate  of  the  elaflic  fluids  contained  in  the  Inleftinal  canal, 
were  formed  from  fome  experiments  made  on  a  flrong 
hearty  perfon  who  had  died  fuddenly  during  a  cold  night, 
and  which  were  compared  with  thofe  the  diffe6lion  of 
feveral  other  bodies  offered,  under  different  circumftances, 
but  who  died  in  good  health. 

Thefe  experiments  prefent  thefe  remarkable  refults, 
that  of  the  elafl:ic  fluids  contained  in  the  inteftinal  canal, 

1 .  The  refpeftive  proportion  of  vital  air  always  dlmlniflies 
progreflively  from    the   ftomach  to  the  great  inteflines  : 

2.  The  refpeftlve  proportion  of  azotgas  always  increafcs 
progreflively  from   the  flomach  to    the  great  inteflines  : 

3.  The  proportion  of  the  hydrogen  gas  in  general  aug- 
ments from  the  ftomach  to  the  fmall  inteflines,  and  di- 
miniflies  from  them  to  the  great  inteftines  :  4.  The  pro- 
portion of  carbonic  acid  gas  is  the  moft  variable  of  all  in 
different  fubje6ls;  it  was  very  ftrong  in  the  ftomach  of  the  ' 
fubjeA  that  died  fuddenlv,  but  very  weak  in  the  reft  of  the 
inteftinal  canal :  5.  It  appears  that  there  cxifts  a  little  alca- 
line  or  ammoniacal  gas  in  the  canal  of  the  laft  intediacs. 
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Such  is    the  refult  of  thefe  experiments,  made  by  lime 
water  and  the  nitrous  gas. 

With  refpc£l  to  the  fecond,  it  was  remarked  by  Pricft- 
ley,   that  refpiration  produced  azot  gas.     Lavoifier  and 
de  la  Place  proved,   that  during  that  procefs,  carbonic 
acid  gas  was  formed   at   the  expenfe  of  the   vital   air, 
and  the  experiments  were  repeated  by  Jurine.     Hence 
it  appears  that  refpiration  alters  the  atmofpheric  air  in 
three  manners.     1.    The   portion   of   vital   air,   which 
makes  a  little  more  than  one  quarter  of  this  fluid,  is  fcnfi- 
bly  diminifhcd.     2.    Carbonic    acid  gas   is  formed    in 
proportion  to  this  diminution  of  vital   air.     3.  A  new 
quantity  of  azot  gas  is  formed,  which  ought  not  to  be  at- 
tributed folcly  to  the  change  in  proportion  between  the 
two  conftituent  parts  of  the  atmofphere,  but  which  is, 
in  reality,  an  additional  quantity.     Thefe  alterations  in 
the  refpired  air  do  not  all  take  place  in  the  fame  inftant 
of  time.     The  two  firfl,  which  are  abfolutcly  limulta»- 
neous,  firft  take  place,  as  they  depend  entirely  upon  each 
other.     When  the  portion  of  vital  air  in  the  refpirable 
air  diminillies,  the  quantity  of  carbonic  acid  produced  by 
-    refpiration  diminiflies   likewife  ;     but  on  the  contrary, 
the   difengagement  of    azot  gas  progreflively  increafes, 
and  augments  the  more,  as  there  is  lefs  carbonic  acid 
formed,  fo  that  the  firft  portions  of  vital    air  appear  to 
be  employed  in  difengaging  the  carbonic  acid,  whilft  the 
1  aft  are  difengaging  the  azot.     Thisefrc6l  not  only  takes 
place  in  the  ordinary  atmofpheric  air,  which  naturally 
contains  more  than  two   thirds  of  azot  gas,   it  equally 
takes  place  in   vital  air,   where   the  produdlion   of  azot 
gas  can  only  be  the  produft  of  refpiration.     It  has  like- 
wife  been  obferved,  tiiat  in  the  a6lion  that  finiflies  di- 
geftion,  the  refpired  air  received  a  greater  proportion  of  car- 
bonic acid,  and  on  the  contrary,  in  the  adionof  fever,  it 
received  a  greater  proportion  of  azot  gas. 
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Laftly,  with  refpe6l  to  the  third,  Jarine  has  put  it  out 
of  all  doubt,  that  during  the  contaii:  of  the  fkin  with  the 
external  air,  carbonic  acid  is  formed,  and  that  more  is 
formed  in  proportion  to  the  greater  activity  of  the  func- 
tions <5f  the  cutaneous  organs.  When  the  experiments  of 
Jurine  are  compared  with  the  manner  in  which  Ingen- 
houfz  made  his  obfervations  on  the  fame  fubjeft,  it  is 
eafily  perceived  how  the  refults  obtained  by  thefe  two 
philofophers  may  be  perfe«Slly  reconciled,  and  upon  what 
the  difference  depends  that  exifts  between  their  conclu- 
fions.  It  is  evident  that  to  the  manner  in  which  Ingcn- 
houfz  made  his  experiments  the  difappearance  of  the  car- 
bonic acid  was  owing. 

3.  Halle,  after  having  thus  cited  the  above  general  fa6ls,  Confe- 
lays  down  the  confequences  refpeAing  the  aflimilation  of  ^"^^^^j^^j^" 
the  aliment.     He  obferves,   that  after  having  remarked,  '^''^'"• 
that  the  oxalic  bafis,  the  common  principle  of  almoft  all 
nutritive  fubftances,    as  well  as  of  thofe  that  compofe 
our  organs,  is  principally  combined,  in  the  one,  with  the 
bafis  of  carbonic  acid  or  carbon,  in  the  other,  with  the 
bafis  of  azot  gas,  or  azot,  and  that  the  proportion  of  this 
laft  formed  one  of  the  principal  charailers  of  animaliza- 
tion  ;  the  next  circumftance  is  to  confider  the  manner  of 
their  feparation. 

It  is  well  known  there  are  different  ways  of  feparatin?' 
thefe  two  priiK;iples  from  the  oxalic  bafis  with  which  thev 
are  united,  whether  in  our  aliments  or  in  our  organs. 
That  this  feparation  is  principally  brough*t  about  by  the 
acid  of  bodies  containing  the  bafis  of  vital  air,  viz.  oxygen. 

In  the  common  chemical  analvfis   of  fubftances  the  c 
nitric  acid  is  ufed  to  furnifli  this  bafis  with  more  facility.    °^  ^^^  '^'•- 

.  ^  ....  '        ftrent  b:.res 

In  the  grand  operations  of  nature  it  is  furniflied  by  the  by  oxygta, 
atmofjiheric  air,  and  by  water.     Wlierever  it  is  the  at- 
mofpheric  air  that  difengages  the  carbon,  carbonic  acid  is 
formed,  or  if  it  difengages  the  azot,  azot  gas.     Wiierevcr 
it  is  water  that  furnidH's  the  bafis  of  vital   air,  hydrogen 
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gas  is  dlfengagcd  ;  and  wlicrever  hydrogen  Is  difcngagcd 
at  the  fame  time  as  azot,  and  combines  with  it,  ammonia 
or  volatile  alkali  is  produced. 

The   reparation  being  well  underflood,  the  next  is  to 
.examine  what  pafles  in  the  human  body. 
Propaition        jj^  ^[^^  intcftinal   canal  the  proportion  of  vital   air  di- 

ol  vital  air  _  '       ' 

in  the  iiuef-  miniflies  fucceflively  from  the  ftomach  to  the  extremity 
of  the  intefllnal  canal,  and  at  this  extremity  there  is  no 
trace  of  it;  thus  the  vital  air,  or  it's  bafis  oxygen,  forms 
combinations   in  this   palTagc,    and   what  is  the    confc 

Ii'scombi-  quence? 
nations.  ^ 

In  the  flomach,  where  the  aliments  ftill  poflefs  their 

former  properties  and  mix  with  the  juices,  of  the  nature 

of  which  there  is  much  incertitude,  a  portion  of  carbonic 

acid'is  difengaged;  the  principle,  carbon,  that  unites  with 

the  vital  air  to  form  this  gas,  appears  to  come  from  the 

aliment,  and   if  the  proportion  be   not  conftant,  it  arifes 

from  the  aliments  not  always  being  the  fame. 

In  the  fmall  inteftincs  into  which  the  bile,  one  of  the 
known  humours  that  carries  the  moft  evidently  the  animal 
chara6ler,  flows  with  feveral  other  fecretions,  and 
where  the  aliments,  intimately  penetrated  with  thefe  hu- 
mours, form  a  very  liquid  mafs,  azot  and  hydrogen  gafeS 
are  difengaged.  One  part  of  the  matters  contained  in  this 
canal  being  of  the  number  of  thofe  that  contain  the  bafis 
of  azot  gas  or  azot,  may  confequcntly  give  rife  to  the  ex« 
trication  of  the  azot  gas,  and  thefe  fame  matters  forming 
a  heated  mafs  and  in  a  liquid  ftate  are  the  beft  adapted  to 
bring  about  the  dccompolition  of  the  water.  The  water 
being  thus  decompofed  gives  rife  to  inflammable  gas,  and 
at  the  fame  time  fin'niflies  the  mafs  of  animal  juices  and 
aliments  with  a  portion  of  the  bafis  of  vital  air  or  oxygen, 
which  forms  a  combination  whilR  the  azot  efcaj)es. 

Laftly,  in  the  great  inteftincs,  where  the  excrementi- 
tious  mafs,  by  it's  odour  and  products,  announces  the 
animal  charafter,  the  quantity  of  azot  gas  inereafes,  but 
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'the  inflammable  gas  diminifhes  a  little,  either  becaufc 
the  matters  being  lefs  liquid  favour  lefs  the  decompofition 
of  water,  or  becaufe  a  part  of  the  hydrogcti  combined 
\vith  the  azot  forms  ammonia  or  alkaline  gas;  on  the 
contrary,  in  certain  diarrhoeas,  tlic  air  let  loofe  from  the 
reftum  bearing  an  hepatic  odour,  is  a  proof  that  a  very 
large  proportion  of  fulphurated  hydrogen  gas  is  fofmed 
in  the  great  inteflines.  But  thefe  matters  being  then 
more  liquid,  the  decompofition  of  the  water  continues  tcJ 
take  place  beyond  the  fmall  imeflineSi 

Thus  in  the  alimentary  canal  the  vital  air^  whether  it 
be  free  and  arifing  from  the  atmofpheric  air  fwallowed 
with  the  aliments,  or  difengaged  afterwards  by  the  de-* 
compofition  of  water,  combines  both  with  the  animal 
fecretions  and  with  the  aliments  confounded  with  then! 
in  the  inteftinal  canal,  and  at  firft  feparates  from  the  ali- 
mentary matters  a  portion  of  their  carbon,  with  which  it 
imites  to  form  the  carbonic  acid,  afterwards  difengaging; 
azot  from  the  inteftinal  fecretions,  it  favours  it's  combi"^ 
nation  with  the  alimentary  matters  that  receive  it  in  lieu 
of  the  carbon,  a  portion  of  which  they  have  loft.  In  this 
manner  the  aliments  that  nourifh  us  commence  their  in- 
cipient animalization,  the  degree  of  which,  Halle  is  of 
opinion,  might  be  eftimated,  if  the  nature  of  the  chyle^ 
which  is  the  refult^  was  perfectly  underftood- 

4.  Conclufion.  It  appears  therefore  to  this  chemical  Conciefxofl. 
phyfiologift,  from  what  has  been  above  ftated,  that  a 
great  part  of  the  procefs  producing  the  affimilation  of 
aliments,  is  performed  in  the  iKteJiinal  canal,  in  the  organs 
of  refp'iration,  and  upon  the  furface  of  the  fk'm.  That  in 
thefe  three  organized  parts,  the  atmofpheric  air,  and  par- 
ticularly the  vital  part  of  this  air,  is  the  principal  inftru-* 
ment  of  the  combinations  by  which  the  afiimilation  J3 
brought  about;  that  it  probably  a6ls  by  taking  away 
from  the   alimentary  matter  a  portion  of  it's  earboni^ 
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principle,  and  by  facilitating  it's  combination  with  the 
overplus  azot  of  the  animal  humours,  and  confequenily, 
that  in  this  common  operation,  the  execution  of  which 
is  divided  between  three  different  organs,  but  founded  in 
all  upon  the  fame  principles,  a  reciprocal  change  takes 
place  at  the  fame  time,  as  well  in  the  fubftance  of  the  ali- 
ment as  in  that  of  the  animal  humours  ;  by  which  the 
one  being  animalized,  and  the  others  lofing,  as  it  were, 
the  excefs  of  their  animalization,  all  of  them  are  brought 
to  the  fame  point,  and  appear  mutually  affimilated. 

This  chemift,  in  delivering  his  theory  to  the  world,  does 
not  profunie  to  think  that  it  explains  the  formation  of  all 
the  produ£ls  of  animal  affimilation,  he  allows,  it  neither 
accounts  for  the  produ6lion  of  the  phofphoric  falts,  nor 
that  of  the  fat  matter  analogous  to  fpermaceti,  found  by 
Fourcroy  in  the  liver  andblle;  nor  docs  it  explain  theman- 
ner  in  which  the  other  animal  products  are  modified,  oii 
which  modern  chemlftry  has  at  prefent  caft  no  light;  hence 
it  is  incomplete.  Such  is  the  manner  by  which  Halle  has 
attempted  to  explain  the  mechanifm  of  the  aflimllatlon  of 
aliments,  and  of  the  change  they  undergo  in  their  na- 
ture, and  in  which  it  is  to  be  obferved,  that  although  he 
has  made  ufe  of  the  difcoveries  of  Scheele,  Bergman, 
Lavoifier,  Prieftley,  and  Berthollet,  yet  he  is  one  of  the 
firft  that  has  embraced  fo  great  an  extent  of  operations 
at  the  fame  time  refpefting  the  animal  funftions,  and 
that  it  was  im-poflible  from  the  prefent  ftate  of  fa6ls,  that 
fo  difficult  a  problem  as  that  of  animalization  could  be 
refolvcd  by  the  few  materials  he  was  in  pofl'effion  of. 

Fourcroy,  who  had  perhaps  a  better  opportunity  of 
becoming  acquainted  with  fa6ls  than  Halle,  and  who 
had  the  advantage  of  later  difcoveries,  has  made  fome 
reftrldions  and  obfervations  upon  the  hypothefis  of  the 
latter.  He  thinks  it  necelfary  to  obferve,  that  in  refer- 
ring all  fubftances  compofed  of  the  vegetable  and  animal 
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klnofdom  to  what  Halle  calls  the  oxalic  hafis  or  oxalic  radi'- 
cal,  this  philofopher  could  Only  have  in  view  the  fixing 
a  ftriking  analogy  between  all  fubflances ;  but  as  the 
confidering  of  it  in  this  light  without  fome  modificalions 
might  lead  to  errour,  it  is  neceflary  to  explain  how  far  the 
truth  is  able  to  carry  us. 

By  the  oxalic  bafis  or  radical  is  underftood  a  matter  On  ths  fitft 
conipofed  of  hydrogen  and  carbon,  which  when  united 
with  a  large  proportion  of  oxygen,  gives  rife  to  the  oxalic 
acid,  and  which  plays  the  fame  part  in  this  acid  as  ful- 
phur,  phofphorus,  charcoal,  or  arfenic  does  in  the  ful- 
phuric,  phofphoric,  carbonic,  and  arfenic  acids.  If  all 
animal  and  vegetable  matters  can  be  confidered  as  the 
oxalic  bafis,  it  can  only  be  as  containing  the  carbonated 
hydrogenous  combination  confl;ituting  this  bafis.  But  it 
would  be  erroneous  to  fuppofe  that  this  carbonated  hydro^ 
gen  is  equally  compofed,  as  to  the  proportion  of  thefe  two 
principles,  and  confequently  equally  ready  to  form  the 
oxalic  acid  on  the  addition  of  oxygen,  in  all  thefe  mat- 
ters. 

The  combination  of  hydrogen  and  of  carbon  that  forms 
the  general  bafis  of  organized  fubflances  is  not  homo- 
geneous in  all  of  them  ;  it  differs  either  in  the  proportion 
of  one  or  other  of  the  primitive  principles,  or  in  the 
addition  of  a  greater  or  lefs  quantity  of  azot,  or  laflily,  in 
the  proportion  of  the  oxygen  it  already  contains;  hence 
to  be  converted  into  oxalic  acid,  it  is  not  fufficieiit  con» 
flantly  to  add  oxygen  and  an  equal  quantity  of  oxygen  to 
it.  For  the  one  it  is  neceflary  that  a  certain  proportion 
of  hydrogen  or  carbon  be  difcngaged,  according  as  the 
one  or  the  other  exceeds  the  quantity  that  ought  to  form 
the  true  oxalic  radical ;  for  the  other  to  difengage  a  por- 
tion of  thefe  two  principles ;  for  a  third  order  of  thefe 
fub fiances  to  take  away  or  feparate  at  firft  the  azot  that 
does  not  appear  to  enter  into  the  oxalic  acid.     Thus, 
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■vvhcn  by  moans  of  the  nitric  acid,  the  gums,  fugar,  or 
flarch,  are  converted  into  oxalic  acid,  much  carbonic 
acid  is  difcngagcd,  becaufe  thefe  matters  contain  much 
more  carbon  than  is  nccelTarv  for  the  oxalic  radical ; 
when  by  means  of  the  fame  nitric  acid  the  fame  procefs  is 
applied  to  the  oils,  butter?,  fats,  relins.  Sec. ,  a  great  deal 
of  hydrogen  and  carbonic  acid  gafes  is  difeng.iged,  a 
proof  of  there  being  more  hydrogen  and  carbon  than 
are  neceffary  for  the  oxalic  radical ;  laftly,  when  the  ni- 
tric acid  is  made  to  ael  on  vegetable  gluten^  elaftic  gum, 
mufcular  flefii,  and  all  other  animal  matters,  thefe  mat- 
ters are  not  converted  into  oxalic  acid  until  they  have 
given  out  azot  and  carbonic  acid  gafes,  becaufe  they  con- 
tain azot  that  does  not  enter  into  the  formation  of  the 
oxalic  acid,  and  more  carbon  than  this  acid  has  need  of: 
and  it  is  in  this  manner  the  nature  of  the  oxalic  radical 
is  to  be  looked  upon,  as  far  as  Halle  conceives  it  to  exifl: 
in  all  matters  confidered  as  aliments,  whilft  what  has 
been  faid  upon  the  fubje£l  ought  onlv  to  refer  to  the  fol- 
lowing propofition,  viz.  that  all  alimentary  matters  con- 
tain that,  which,  by  tl>c  addition  of  o:;ygen,  forms  the 
oxalic  acid. 
^    .    ,  Since  the  fa£ls  related  by  Halle  on  refpiration,  that 

On  the  le-  ■'      _  r  J  •• 

v*ond  part,  function  has  been  much  better  inveftigated  by  the  united 
labours  of  Lavoifier  and  Seguin.  During  refpiration, 
water  k  undoubtedly  formed,  and  there  is  a  difengao-e- 
ment  of  hydrogen  as  well  as  of  carbon  from  the  blood. 
This  efFedl  refcmbles  that  which  takes  place  in  ail  vege- 
table matters  expofed  to  the  air.  It  even  appears  to 
Fourcroy,  that  hydrogen  burns  more  cafily  than  carbon, 
at  lead  in  making  the  analogy  refpevSling  vegetable  fub- 
llances.  He  allows,  however,  that  this  formation  of 
carbonic  acid  and  water  during  refpiration  is  not  as  yet 
fiipported  by  any  pofitivc  e:  pcrinicnts.  There  are  even 
fome  who  think  that  the  vital  aii  is  wholly  abforbed  by 
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tlie  lungs,  that  in  the  courfe  of  circulation  it  is  bj'  degrees 
converted  into  carbonic  acid,  and  that  it  is  afterwards 
evacuated  by  the  lungs.  This  opinion,  it  is  evident,  is 
very  different  from  that  which  explains  the  formation  of 
tlie  carbonic  acid  to  be  effected  by  the  pulmonary  organ, 
owing  to  the  carbon  difengaged  from  the  blood  after- 
ward uniting  with  the  atmofpheric  oxygen.  The  obfer- 
vatiori  upori  what  pafles  during  the  refpiration  of  the 
great  grafshopper  (locufta  vermivora  of  GeoflTroy)  by 
Vauquelin,  appears  to  authorize  this  laft  opinion.  He 
found  a  canal  which  condufts  the  air  immediately  from 
the  trachea  to  the  flomach,  and  he  believes  with  much 
probability,  that  the  air  ferves  to  the  affimilation  of  the 
aliments.  If  the  immediate  combination  with  the  raafs 
of  aliments  or  of  the  chyle  be  neceflary  to  complete 
digeftion,  or  to  affimilation,  as  fome  fafts  appear  to  in- 
dicate, and  as  feveral  philofophers  are  of  opinion,  it  ap- 
pears that  the  vital  air  really  penetrates  the  lungs  and 
combines  with  the  blood,  which  at  the  fame  time  ex- 
bales  carbonic  acid.  To  conclude,  it  is  fufficient  for  the 
conclufions  drawQ  by  Halle  in  whatever  manner  thefe 
things  are  effefted,  that  there  be  fome  means  during  re-  ■ 
fpiration  of  exhaling  carbon.  Lavoilier  has  confirmed, 
by  his  lafi;  experiments  on  refpiration  and  tranfpiration, 
the  refultof  thofe  of  Jurine,  and  it  appears  inconteftibly, 
according  to  Fourcroy,  that  the  procefs  which  takes  place 
on  tlie  (kin  affords  a  fmiilar  phenomenon  to  what  pafles  in 
the  luncTs,  /.  e.  a  formation  or  a  difenoaq-ement  of  carbo- 
nic  acid.  It  may  be  poffible  that  three  eflfefls  concur  at 
the  fame  time  in  this  procefs  of  aflimdation,  for  which  it 
is  proved  that  the  pulmonary  and  cutaneous  organs  are  in 
a  great  meafure  deftined.  Perhaps  there  is  a  feparation 
of  carbon  and  hydrogen  from  the  lungs  ;  perhaps  oxygen 
lyiay  penetrate  at  the  fame  time,  which  uniting  by  degrees 
v,ith  the  carbon  of  the  blood  during  refpiration,  after- 
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ward  flows  out  in  torrents   through  the  vcflels  of  the 
whole  furflice  of  the  fkin.     {yide  refpiration.) 
On  the  Fourcroy  is  of  opinion  that  Halle,   in  attributing  the 

be<rinnino:  of  affimilation  brought  about  in  the  ftomach 
and  inteftines  in  great  part  to  the  decompofition  of  wa- 
ter, cannot  fupport  his  conje6lurc ;  and  indeed,  it  is  only 
upon  the  prefcncc  of  carbonic  acid,  hydrogen,  and  am- 
moniacal  gafes  in  the  cavity  of  thcfe  vifcera,  that  he  offers 
it.  It  is  neceflary  to  remark,  that  it  is  founded  upon  an 
obfervation  made  by  Jurine  only  on  one  cafe,  and  that  it 
would  not  be  reafoning  with  much  prccifion  to  apply  it 
as  a  general  rule.  It  may  be  prefumed,  that  the  exigence 
of  the  gafes  is  nearly  the  fame  in  the  courfe  of  the  ali- 
mentary canal  of  all  fubje£ls  with  that  which  Jurine 
found  in  his  fubjeft ;  but  there  is  no  proof  that  the  pro- 
duftion  of  thefe  inteftinal  gafes  are  owing  to  the  decom- 
pofition of  water,  nor  even  that  the  difference  of  thefe 
gafes  in  the  different  parts  of  the  canal  depends  upon  the 
ftate  of  the  water. 
Frurcroy's  Fourcroy  is  of  opinion,  that  the  primary  effefts  of  di- 
.\p  ana  ion.  g^^j^j-j^  which  ought  not  to  be  confounded  with  thofe 
of  aflfimilation,  properly  fo  called,  may  be  explained  with- 
out having  recourfe  to  the  decompofition  of  water.  Four 
principal  phenomena  take  place  in  the  aliments  during 
their  refidence  in  the  ftomach  and  intefiines. 

ift.  The  aliments  are  foftened  and  diffolved  into  i 
kind  of  homogeneous  pulp  in  the  inteftines. 

2d.  Their  character  is  changed  by  the  gaftric  men- 
flruum. 

3d.  This  folution  is  decompofed  in  the  fmall  inteftines 
by  the  bile,  vvhich  feparatcs  the  alimentary  part  from  the 
cxcremcntitious. 

4th.  The  chylous  matter  is  abforbed  by  the  lymphatics 
in  the  large  inteftines,  and  the  excrementitious  matter  is 
forced  down,  carrying  with  it  the  fat  and  colouring  matter 
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of  the  bile.  The  bile  conveyed  into  the  blood  undergoes 
a  change  in  the  lungs.  The  aliments  themfelves  may  be 
the  fource  of  the  gafes  contained  in  the  alimentary 
tube. 

This  chyle  being  poured  into  the  bloody  and  mixed 
with  it  as  the  alimentary  matters  were  mixed  with  the 
animal  fecretions  in  the  inteftines,  is  then  a6led  upon  by 
means  of  refpiration.  During  that  procefs,  the  vital  air 
forms  combinations,  carbonic  acid  and  azot  are  difen- 
gaged,  but  both  do  not  appear  internally  at  the  fame 
time.  The  azot  gas  only  appears  when  the  quantity  of 
carbonic  acid  formed  by  the  vital  air,  and  mixed  with 
the  refpired  air,  diminiflies  in  this  air  the  property  of 
difengaging  frefli  acid  from  the  lungs,  which  is  the  cafe 
when  bad  air  is  breathed.  Then  the  azot,  which  is 
probably  alfo  difengaged,  but  which  combined  with  the 
chyle  in  proportion  as  this  loft  it's  carbonaceous  princi- 
ple, finding  no  more  to  combine  with,  departs  with  the 
air  in  the  form  of  gas. 

It  is  therefore  probable  that  in  this  cafe  the  principle 
of  the  carbon  is  furnifhed  by  the  chyle,  and  the  azot  by 
the  blood,  and  that  a  real  exchange  is  made  as  in  the 
procefs  of  digeftion,  i.  e.  the  chyle,  on  lofing  a  part  of 
it's  carbon,  receives  in  lieu  of  it  the  azot  feparated  from 
the  blood,  and  by  this  mechanifm  is  animalized  and 
affimilated.  It  may  be  faid  that  the  blood  likewife 
affimilates  itfelf,  becaufe  without  this  exchange,  which 
deprives  it  of  an  excefs  of  azot,  it  would  be  too  much 
animalized,  and  at  laft  become  alkalized,  which,  in  ef- 
fe£l,  always  takes  place  when  a  long  abftinence,  or  food 
which  is  too  much  animalized,  prevents  the  humours 
from  receiving  their  necelTary  temperature  by  the  mixture 
of  a  mild  chyle. 

It  may  be  afked,  if  the  refpiration  would  ceafe  to  pro- 
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duce  carbonic  acid  gas,  in  confequcnce  of  a  long  faft, 
and  at  kift  only  produce  azot  gas,  w  hicli  would  I'cem  to 
be  the  confequence  of  this  fylteni.  Experiments  are 
wanting  to  anfwer  this  queftion  ;  but  prefumption,  and 
two  fa6ls  dated  by  Jurine.  almoft  aflure  the  affirmative. 
The  one  proves,  that  in  the  procefs  that  follows  the 
digeftion  of  the  aliment,  and  which  is  accompanied  by 
a  fenfible  increafe  of  heat,  and  a?:i  acceleraXcd  pulfe,  the 
proportion  ©f  carbonic  acid  formed  by  the  refpira.tion  in 
equal  quantities  of  air,  is  much  greater.  The  other 
flates,  that  in  fevers,  the  contrary  takes  place,  for  the 
proportion  of  carbonic  acid  is  dlminiftied,  and  that  of 
azot  gas  increafed. 

After  this  important  operation,  follows  that  which  is 
the  refult  of  the  functions  of  the  (kin.  From  the  furface 
of  this  organ,  the  vital  air  likewife  difengages  a  portion 
ef  the  carbonic  principle,  with  which  it  forms  carbonic 
acid  ;  and  if  it  be  true,  as  an  experiment  of  Dr.  Prieflley 
appears  to  prove,  although  contradi6led  by  thofe  of 
Cruickflianks  and  Jurine,  that  the  air  which  has  remain- 
ed in  contact  with  the  fkln  appears,  on  trying  it  with 
nitrous,  to  be  meliorated,  and  to  have  loft  during  this 
contaft  a  part  of  it's  azot  gas,  the  confequence  would 
alfo  be,  that  the  humours  become  animalized  in  the  fl;in 
by  a  mechanifm  analogous  to  thofe  of  digeftion  and  rcf- 
piration  ;  at  Icaft  it  appears  certain,  that  a  difengao-emcnt 
of  the  carbonaceous  principle  really  takes  place  in  this 
organ,  but  the  ignorance  which  covers  the  real  nature  of 
cutaneous  perfpiration,  ftill  involves  this  fubjcd  in  sb- 
fcnrity.     Fide  Refpiration. 

Such  are  the  modifications  made  by  Fourcroy  on  the 
fyftem  of  Halle,  and  the  ohrervations  which  the  ftate  of 
the  fcience  allowed  him  to  make  on  the  procefs  of  ani- 
fj^alization.    The  fads  which  have  fince  been  brought  tq 
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lighj,  are  very  few,  and  are  fcarcely  fufficlent  to  afiord 

any  further  explanation  than  what  this  chemitt  has  given 

us ;  before,  however,  this  article  is  concluded,  it  will  be  Conciufion. 

necefl'ary  to  mention  the  little  that  remains. 

It  is  the  opinion  of  feveral  of  the  moft  celebrated  che-  Op»"'0"  °^ 

^  _  .ParmeiUier 

mifts,  and  particularly  of  Parmentier  and  Deyeux,  that  andDeyeux, 
the  different  folids  and  fluids  of  the  body  are  created  by 
the  procefs  of  animalization  from  the  remote,  and  not 
from  the  proximate  parts,  and  confequently,  that  the 
\'itsk\  organization  does  not- take  from  the  aliments  albu- 
men, gelatin,  fibrin,  fulphur,  phofphorus,  foda,  limej^ 
or  iron,  all  of  which  they  look  upon  as  compofitions, 
but  only  their  ultimate  parts  which  are  necefTary  for  their 
formation. 

Thus,  in  the  blood,  the  different  fubftances  it  contains 
jire  not  extradled  immediately  from  the  aliments,  fince  in 
fpite  of  their  infinite  variety,  this  fluid,  whatever  be  it's  i 

origin,  conftantly  furnif]ies  the  fame  principles  on  ana- 
lylis,  and  t|iey  even  appear  fo  necefTary  to  it's  compofi- 
tion,  as  not  to  be  able  to  exiil  without  them.  Hence 
^hefe  chemifls  think,  that  it  will  be  ufelefs  in  future  to 
endeavour  to  fcarch  in  aliments  and  drinks  for  fuch  of 
their  parts  as  ought  to  ferve  in  the  formation  of  the  chyle, 
the  blood,  bile,  &c,,  or  to  pretend  to  give  a  reafon  for 
the  transformation  of  the  one  into  the  other,  without 
changing  their  nature.  Before  undergoing  this  tranf- 
formation,  it  is  necefTary  for  thefe  fubflances  to  be  ex- 
pofed  to  the  a6lion  of  the  ftomach  and  inteftines,  to  pafs 
through  all  the  periods  of  decompofition,  and  that  the 
gafeous  materials,  or  aeriform  fluids  arifing,  undergo  a 
pertain  fabrication  in  the  different  organs,  fo  as  to  forni 
the  various  matters  of  the  body,  with  modifications  pe- 
cvdiar  to  each  individual  fpecies,  according  to  it's  phyfical 
pon{i:itution,  whether  healthy  or  vitiated  by  feme  morbj-* 
lie  affeirion. 


flfl  LIFE. 

Other  api-  It  has  already  been  aflerted,  that  the  remote  parts  of 
animal  fubflanccs  are  reduced  to  nine,  viz.  azot,  oxygen, 
hydrogen,  carbon,  foda,  fulphur,  phofphorus,  lime,  and 
iron,  and  that  the  principal  difference  between  animals 
and  vejretables  confifted  in  the  prefence  or  proportion  of 
azot,  which  thefirft  contained  in  fuch  large  quantity. 

It  might  therefore  be  concluded,  that  the  grand  pro- 
cefs  of  animalization  confiftcd  in  the  fixation  of  azot,  and 
the  addition  of  it  as  the  principal  phenomena  of  animal 
organifm  ;  but  it  has  been  obfcrved  by  the  latefl:  phyfio- 
logical  chemifts,  that  this  phenomenon  ought  not  to  be 
confidered  fo  much  the  effeft  of  the  fixation  of  a  new 
quantity  of  this  principle,  ae  the  fubtraftion  of  the  other 
principles,  by  which  the  proportion  of  the  firft  muft  be 
in  confequence  increafed.  It  is  thus,  for  inftance,  that 
the  function  of  re fpi ration,  by  gradully  difengaging  a  great 
quantity  of  hydrogen  and  carbon,  which,  by  uniting  the 
one  with  the  oxygen  to  form  water,  the  other  with  ano- 
ther portion  of  oxygen  to  form  carbonic  acid,  mufl:  neccf- 
farily  increafe  the  proportion  of  azot.  A  large  proportion 
of  this  principle  being  thus  accumulated,  is  ready  to  be 
united  with  more  or  lefs  of  the  other  remote  parts  in  dif- 
ferent proportions,  to  form  the  various  animal  fubftances 
of  which  a  body  is  compofed. 

■umboWt.  According  to  Humboldt,  this  union  by  the  funftiori 
of  animalization  is  brought  about  by  the  intermedium  of 
the  galvanic  fluid.  Thus  the  carbon  and  hydrogen,  com- 
bined by  means  of  this  galvanic  fluid,  form  oils.  The 
hydrogen  and  carbon,  combined  with  the  oxygen  by  the 
fame  means,  form  acids.  The  hydrogen,  combined  with 
the  azot,  forms  foda,  and  fo  of  the  compofition  of  the 
reft  of  animal  fubftances,  all  being  formed  by  the  inter- 
vention of  this  fluid,  the  nature  and  properties  of  which 
are  at  prefent  not  underftood,  although  this  chemift  looks 
upon  it  to  be  the  nervous  fluid.    With  refpe6t  to  liinc 


ANIMALIZATION.  Slg 

and  iron,  he  does  not  confider  them  as  new  produdts  in 
the  animal  body,  but  as  furniflied  by  the  ahments.  De 
la  Metherie,  however,  as  well  as  feveral  other  chemifts, 
affirms,  that  the  vital  power  is  able  by  certain  organized 
parts  to  form  thefe  two  fubflances  as  well  as  fulphur  and 
phofphorus,  and  of  courfe  that  they  are  as  well  as  foda 
compofed  of  remote  parts;  and  this  conjeilure  is  ren- 
dered very  probable  by  feveral  late  experiments :  thus 
Vauquelin  found,  that  the  formation  of  both  lime  and 
phofphorus  was  effefted  by  the  function  of  animalization 
in  the  hen  {vide  Fceces),  and  the  large  quantity  of  the 
phofphat  of  lime  found  in  milk,  and  the  fhells  of  all  ani- 
mals, which  cannot  be  accounted  for  by  any  other  means, 
appears  greatly  to  Support  the  hypothefis,  that  it  is  the 
produft  of  the  vital  powers ;  whilft  Fourcroy  attributes 
the  abfence  of  the  phofphoric  acid  in  the  blood  of  the 
foetus  to  the  want  of  refpiration.  With  refpe6l  to  foda, 
it  is  only  by  the  fame  way  of  explanation  that  it's  pre- 
fence  can  be  accounted  for  in  graminivorous  animals; 
and  as  to  fulphur  and  iron,  there  is  great  fufpicion  that 
they  are  of  the  fame  manufactory,  and  fabricated  by  the 
fame  powers  applied  to  a  different  organization.  The 
fame  may  be  faid  of  the  acids,  &c. 

Hence  it  appears,  that  the  organifm  neceflary  to  ani- 
malization has  the  power  of  reducing  aliments  to  their 
remote  component  parts,  and  of  forming  or  creating  new 
fubflances  from  them;  but  the  fublime  procefs  that  pro- 
duces all  thefe  combinations,  the  mechanifm  by  which 
thefe  tranfmutations,  modifications,  and  aflimilations 
are  fo  conflantly  executed,  and  with  fo  much  harmony, 
in  the  organized  world,  are  ftill  fecrets  which  we  are  not 
able  to  penetrate. 

Firfl  Part  ofa  Dictionary  of  Chemiflry,  &c.  by  J.  Kcr, 
F.R.S.&S. A. Birmingham, p.  192.  Animalization.  1789. 
— EfTai  de  Theorie  fur  I'Animalization  et  rAflimilation 
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des  Aliments,  par  M.  Halle,  M.  D.  Annal.  de  Chimir, 
torn.  2.  p.  158. — Encyclop.  Method,  torn.  2,  Chiniie.  p, 
308.  Paris,  1792. — Humboldt,  &c.  Verfuch  eincr  Phy- 
fifchen  Darftellung  dcr  Lebenskrafte,  Sco.  extra6led  in 
the  Journal  dc  Phyfique,  p.  32.  art.  Phyfiologie  Ani- 
piale,  torn,  xlviii.  An  7,  de  la  Ri. publicjue. 
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DEATH  AND  PUTREFACTION. 

It  was  the  opinion  of  mod;  of  the  ancients,  that  no-  Oplnion!i  of 
thing  perifhed  during  corruption.     Pythagoras  afferted  !,n^deaIL 
there  was  only  a  change   in  the  modifications  of  matter^ 
and  that  real  annihilation  was  impoflible.      Plato  relates 
it  as  an  ancient  tradition,  that  the  living  fpring  from  the 
dead,  and  the  dead  from  the  living,  and  that  tnis  is  the 
conftant  circle  of  nature.     Hippocrates  thought   that  all  Hippoaa- 
animated  or  living  animals,  being  compofedof  two  prin- 
ciples, fire  and  water,  their  qualities  communicated  with 
each  other,  affording,  that  infinite  variety  which  appears 
in  all  the  beings  of  the  world  ;  and  that  at  death  nothing 
periflies,  but  the  parts  only  change  their  form  by  mixing 
or  feparating  from  each   other.   Diogenes,  Apollonius  Diogenes 
and   Parmenides   feem   to  have  held   fimilar    opinions.  „ic]es. 
Ariftotle's   ideas  were  not  different,  for  he   fays,  with  Aiiftotie. 
refpecl  to  fubftances,  that  the  generation  of  the  one  is  the 
corruption  of  the  other,  and  -vice  verfa. 

Among  the  Roman  authors,  Lucretius,  in  his  philofo-  LucretM^^ 
phical  poem,  called  The  Nature  of  Things,  has  beauti- 
fully defcribed  thefe  ideas  of  the  Greeks. 

'  "Befides,  as  nothing  nature's  power  creates. 
So  death  diffolves,  but  not  annihilates. 
For  could  the  fubftances  of  bodies  die. 
They  prefently  would  vanifh  from  our  eye; 
Diffolving,  without  force,  they'd  perifli  all. 
And  filently  into  their  nothing  fall. — 

**  If  all  things,  over  which  long  years  prevail. 
Did  wholly  perifli,  and  their  matter  fail. 
How  could  the  powers  of  all-kind  Venus  breed 
A  conftant  race  of  animal  to  fucceed  I 
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Or  how  the  earth  eternally  fupply. 

With  condant  food,  each  his  ncceflity  ? — 

*'  But  fince  the  feed's  eternal,  and  the  frame 
Of  bodies,  and  their  union  not  the  fame. 
Things  may  fecurc  and  free  from  danger  fland. 
Until  fomc  envious  force  fliall  break  the  band. 
Thus  death  diflblves  alone,  death  breaks  the  chain 
And  fcattcrs  things  to  their  firft  feeds  again." 

Creech. 

Mofiprns.  Leibnitz,  among  the  moderns,  has  cxprefled  fimilar 
ideas.  All  things  arc  compofed  of  monads,  according  to 
this  philofophcr,  which  are  fimple,  indivifible  fubftancesj 
they  are  the  real  elements  of  nature,  and  as  fuch  there  is 
no  fear  of  their  diflblution.  There  can  be  no  conception 
of  a  fimple  fubftance  perifliing  naturally,  but  every  thing 
that  perifiies.  pcriflies  by  diflblution  into  it's  fimple  parts, 
and  every  thing  that  is  formed,  is  formed  by  compofi- 
tion.  Monads,  therefore,  can  only  exift  or  ceafe  an  in- 
flant,  by  creation,  or  annihilation,  each  monad  being  in 
a  continued  change  or  viciffitudc.  Hence  it  appears, 
thatneither  the  ancients  nor  Leibnitz,  although  they  had 
no  idea  of  the  compofition  of  animal  fubftances,  ever 
thought  that  death  was  their  extindion,  but  that  they 
again  revived  under  new  forms  and  circumftances. 

figns  of  Death  may  be  defined  the  abfence  of  life,  and  as  it  is 

of  great  moment  to  be  able  to  afcertain  it  with  certainty, 
feveral  methods  have  been  proved  to  enable  the  phyfician 
to  diftinguilh  between  it's  apparent  and  real  ftate.  Beh- 
rends  and  Creve  were  the  firfl  to  prefent  to  the  world 
galvanifm  as  the  proper  tell ;  the  latter  in  particular  has 
made  many  experiments  to  afcertain  the  fa6l.  This  me- 
thod is  remarkable  for  it's  fimplicity  and  convenience. 
Upon  any  anxiety  refpedling  a  fufpicion  of  a  body  being 
not  dead,  a  naked  nerve  is  put  into  contact  with  a  pair  of 
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metallic  rods  compofed  of  filver  and  zinc,  and  this  will 
refolve  the  important  problem,  whether  any  irritability 
ftill  remains,  and  confequently  whether  the  recovery  of 
the  corpfe  be  poflible.  Humboldt,  however,  although 
he  rejeds  this  as  an  infallible  guide,,  is  of  opinion,  that 
it  will  afcertain  the  obje£t  to  a  great  degree  of  probability, 
and  hence  recommends  it's  employment  as  of  great  ufe.  ' 

The  only  certain  fign  of  death  is  putridity.  It's  pre-  Putriditf 
fence  never  deceives.  When  the  vital  principle,  or  as  taTi"dgn'^r 
Hippocrates  calls  it,  the  vital  flame,  is  extinguifhed  in ''" 
animals,  their  fpontaneous  decompofition  commences, 
and  this  is  called  the  putrid  fertnentation,  or  putrefaftion. 
The  objeft  of  nature  in  fubmitting  them  to  this  procefs, 
appears  to  be,  to  reftore  to  their  primitive  elements  what 
life  had  united,  by  means  of  it's  different  functions,  to  form 
a  conipofite  oi'ganized  body.  The  matters,  therefore,  that 
formed  the  bodies  of  animals,  are  reduced  to  their  primi- 
tive fimple  Hate,  that  in  procefs  of  time,  by  uniting  again 
with  life,  through  organization^  they  may  be  employed 
in  the  formation  of  new  complex  bodies,  whether  of  the 
vegetable  or  animal  fpecies  ;  and  this  would  feem  to  be 
the  fpeediell  procefs  by  which  the  ultimate  parts  of  bo- 
dies, no  longer  fufceptible  of  being  united  to  life  under 
one  particular  form,  are  tranflated  to  another.  Thus  is 
nature  a  feriesof  revolutions,  a  fucceflion  of  compontion 
and  deconipolition,  of  produdion,  and  of  deftru61:ion. 

There  are  a  number  of  authors  who  have  written  on  Authors  »a 
putrefa6tion,  the  principal  of  which  are  Beccher,  Stah!,  1]^"'^'''^'' 
Hales,  Pringlc,  Macbride,  Geber,  Beaume,  and  Gar- 
dani,  fome  of  which  have  defcribed  with  great  care  many 
of  the  phenomena  that  accompany  the  putrid  change  in 
different  bodies;  but  although  they  have  in  fome  meafurc 
cleared  this  fubjeft  of  the  obfcurity  it  wa5  in  before-the 
time  of  Bacon,  many  more  experiments  and  obfervationa 
are  neceflary,  to  give  a  full  and  fatisfadlory  explanation  of 
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the  CI rcumftanccs  attending  this  fpontancoiis  operation  of 
nature.  Their  great  merit  has,  perhaps,  been  to  point 
out  the  way  to  others  who  are  dciirous  of  attempting  l 
more  minute  inveftigation. 

As  upon  all  other  fubjccSls,  there  have  been  various 
StaM.  opinions   refpe^iing  the   nature  of  putrefaftion.     Stahl 

affirmed  it  to  be  a  real  fermentation,  and  he  confidered 
it  as  the  end  or  lad  (lage  which  all  animal  and  vegetable 
fubftances  are  made  to  undergo  by  the  fermentative  pro* 
cefles;  and  almoft  all  the  later  chemifls,  fuch  as  Weigel^ 
Gmelin,  Macquer,  and  Morvcau,  feem  to  have  been  of 
the  fame  opinion. 
Boeriiaave.       Boerhaavc  afferted  that  it  was  not  a  fermentative  pro- 
cefs,  but  that  it  was  eflentially  different  from  it,  and  he 
appealed  to  well  known   fa6ls  in  his  fupport.     Scopoli 
fided  with  Bocrhaave,  forming  his  decifion  from  the  fame 
circumftances,  viz.  that  putrefa6lion  difengages  volatile 
alkali,  decompofes  all  the  fixed  parts  of  organized   bo- 
dies, and  produces  nothing  but  earth,  and  fome  effluvia, 
which  though  mofl  difagreeable,  and  even  poifons  to  the 
human  body,  yet  being  imbibed  by  the  earth  and  vege- 
table creation,  give  life  to  a  new  race  of  beings  ;  whilfl, 
on  the  contrary,   during  the  fermentative  procefs,  the 
fibrous  texture  of  fubflances  remain  undecompofed,  and 
the  productions  are  only  fixed  air,  wine,  fpirits  of  wine, 
and  vinegar.     It  would  appear,  however,  that  Stahl  did 
not  look  upon  putrefaAion  to  be  different  from  the  vinous 
and  acetous  fermentations,  and  that  they  were  entirely 
independent  on  each  other,  but  only  regarded  the  three 
as  being  principal  degrees  of  the  fame  fermentative  mo- 
tion by  which   all  compofed  bodies  are  diflblved  and  re- 
duced to  the  fame  Itate ;  hence,    that  putrefa6lion  was 
a  kind  of  fermentation  or  rather  the  laft  (lage   of  that 
'    procefs,  beginning  with   the  vinous,  going  through  the    ■ 
acetous,  and  ending  with  the  lafl  ftage  of  putridity,     It 
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has  llkewlfe  been  alleged,  that  if  it  be  a  fermentation, 
it  muft  neceflarily  be  a  diflincl  kind,  fiuce  \Ve  frequent- 
ly obferve  it  taking  place,  where  neither  of  the  other 
itao^es  had  preceded  it,  which  proves  that  in  fome  cafes 
at  leaft,  it  muft  be  entirely  independant  of,  and  uncon- 
neded  with  them.  Putrefaftion  has  likewife  been  re- 
garded as  a  fpecies  of  ignition  :  it  is  faid  that  the  power 
it  has  of  converting  every  thing  into  earth,-  is  evidently 
performed  by  an  expanfive  power,  that  in  confequence  of 
this,  the  body  firft  fwells,  then  burfts;  vapours  are  ex- 
friCated  and  fly  off,  and  the  particles  fall  afunder  from 
each  other,  which  are  the  very  effe6ls  the  aftion  of  fire 
produces  upon  any  combuftible  body  ;  hence  it  is  pro- 
bable that  the  agent  in  ftie  air  confidered  as  the  caufe  of 
putrefa6lion,  is  no  other  than  the  fire  itfelf;  i.  e.  the 
ethereal  fluid  expanding  itfelf  every  where,  and  that  in- 
flead  of  an  emiflion  of  flame,  whicli  ignition  is  attended 
with,  putrefadtion  is  accompanied  with  a  produdiion  of 
azotic  gas. 

All   organized,    and  particularly  animal    fubflances,  Sulvi  <^s  of 
undergo  the  putrid  fermentation;  and  Leonhardi  is  of  [l*^;)' '^^' 
opinion,  that  a  flight    acetous  fermentation  takes  place, 
previous  to  it;  this  may  proceed  from  the  gelatin,  which 
under  certain  circumftances,  as  in  broth,  is.  faid  to  be 
fubje6l  to  the  acetous  procefs. 

The  putrefadion  or  fpontaneons  dccompcfition  of  "^'••'"io-i^ 
animal  fubflances,  may  be  divided  into  as  many  fpecies  trefii.n. ' 
as  there  are  chemical  agents  in  nature  capable  of  pro- 
ducing it,  thus,  when  it  takes  place  in  tlie  open  air,  it 
may  be  called,  afmofpheric  putrefa6tion.  But  when  in 
confequence  of  bodies  not  being  expofcd  to  the  external 
air,  a  decompofition  takes  place  amongft  their  component 
parts,  and  new  combinations  arife,  the  products  are 
totally  difilrent.  In  thefe  cafes,  the  principal  efl'wSl  is 
their  being  deprived  of  their  azot ;  {\.\Qh.  is  the  cafe  whtn 
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bodies  are  heaped  together  in  the  earth,  and  hence  it 
may  be  called  terraneous  putrefaction  j  or  under  water, 
giving  fife  to  the  aqueous  putrefaftion.  In  all  thefe  cafes 
where  the  air  is  excluded,  a  more  or  lefs  oily  mafs  is 
produced.  The  fame  took,  place  during  the  internal  pu- 
trefaction of  the  human  liver,  as  defcribed  by  Four- 
croy. 
1.  Atiio-  1.  Jtmofpherlc  Putrefa"Aon.  When  an  animal  fub- 
trJiadlo^""  ^^nce  is  expofed  to  the  atmofpheric  air,  fo  as  to  give  rife 
to  it's  fpontaneous  decompOiition,  it  pafles  with  more  or 
lefs  rapidity  through  the  following  changes,  particularly 
affeCling  it's  colour,  fmell,  and  confiflence.  It  becomes 
of  a  paler  colour,  it's  confiftcncc  is  diminifticd  j  if  it  be 
folid  as  flefli,  for  inftance,  it  foftens,  and  a  ferous  kind  of 
matter  oozes  Out,  it's  colour  quickly  changes,  it  becomes 
relaxed  in  it's  texture,  and  it's  organization  is  deftroyed ; 
it  has  a  faint  and  difagreeable  fmell,  it  finks  down  and  is 
diminifhed  in  bulk,  and  it's  fmell  becomes  (tronger  and 
alcaline.  If  the  fiibftance  be  contained  in  a  clofe  vefi'el, 
the  progrefs  of  putrefaction,  accordingto  Fourcroy,  fecms 
to  flacken  at  this  ftage,  and  no  other  fmell  but  that  of  a 
pungent  alcali  is  perceived ;  it  efiervefces  with  acids,  and 
changes  the  blue  of  violets  to  a  green  colour.  If,  how- 
ever, the  communication  of  the  air  be  admitted,  the. 
urinous  exhalation  is  diflipatcd,  and  a  peculiar  putrid 
fmell  extends  itfelf  with  great  impetuofity,  and  of  the 
luofl  infupportable  kind.  This  fmell  continues  a  long 
time,  fprcads  every  where,  pervades  every  place,  and  af- 
fcc'^s  the  healths  of  living  animals  fo  as  to  produce  putrid 
dlfeafes.  This  fmell  Fourcroy  obferves,  is  conncCled,  and 
as  it  were  confined  by  the  volatile  alcali,  which  when 
volalilized,  is  fuccccdcd  by  the  putrefactive  procefs,  be- 
v'omiiifr  aCtivc  a  fecond  time,  the  fubflancc  fiuldcnly 
fwclls,  is  filled  with  bubbles  of  air,  but  foon  after  fub- 
fidcs  ajrain.  The  colour  now  changes,  the  fibrous  texture  of 
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ihe  flefh  Is  fcarcely  to  be  diftinguifhed,  and  the  whole  is 
converted  into  a  foft  pulpy  brown,  or  greenifti  matter, 
of  the  confiftence  of  poultice,  with  a  faint,  naufeous, 
and  difgufting  fmell,  that  is  very  a(Stive  and  contagioi.is. 
This  fmell  gradually  fubfides,  the  fluid  portion  of  the 
fleih  aflumes  a  kind  of  confiftence ;  it  becomes  of  a  deep- 
er colour,  and  the  whole  is  finally  reduced  to  a  friable 
matter,  fomewhat  deliquefcent,  which  on  being  rubbed 
between  the  fingers,  breaks  into  a  coarfe  dark  powder 
like  earth.  This  is  the  lafl  ftate  animal  fubflances  un- 
dergo during  this  procefs,  for  which  a  confiderable  time 
isneceffary.  For  the  total  deftru6lion  of  the  whole  body 
of  an  animal,  it  is  faid  that  eighteen  months,  two  or 
even  three  years  are  fcarcely  fufficient  when  expofed  to 
the  external  air. 

During  the  time  animal  matters  are  undergoing  the  PtoHufts 
above  changes  of  decompofition,  their  component  parts 
fiy  off,  or  form  new  combinations,  either  with  the  vital 
air  of  the  atmofphere,  or  by  limple  attraAions  between 
each  of  their  principles,  they  form  unions  amongft 
themfelves,  giving  rife  to  fimple,  binary,  and  even  ternary 
combinations.  The  produdls  are  carbonic  acid  gas,  am-  . 
monia,  nitric  acid,  fulphur,  phofphorus,  hydrogen  gas, 
and  the  fubflances  it  dilTolves,  azot  gas,  Pruflianblue  and 
heat,  which  being  difengaged  by  degrees  jnto  the  at- 
mofphere, diminifh  in  proportion  the  mafs  of  animal 
matters,  and  there  remains  an  earth  behind. 

1.  Carbonic  acid.  This  is  difengaged  from  putrefying  Carbunic 
bodies,  particularly  from  folid  parts,  in  large  quantity. 
The  quantity  appears  to  be  in  the  inverfe  proportion  of 
the  quantity  of  hydrogen  gas  extricated,  for  at  firft  it  is 
in  large  proportion,  and  the  hydrogen  gas  in  fmall  pro- 
portion, but  afterwards  the  contrary  takes  place.  The 
firfl  produvSl  Lavoilier  obtained  from  the  fecal  matter  of 
a  neccflary  in  a  putrid  ftate,  was  tlicfe  two  gafes  mixed 
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together ;  1 1  parts  of  carbonic  acid,  and  one  of  azot  gas. 
The  temperature  was  at  8°  or  10'^  of  Reaumur.  Prieft- 
ley  has  Ukewife  afcerlained  their  proportion  and  quan- 
tity. Having  let  4  pennywts.  6  grs.  of  lean  mutton  be- 
come putrid,  he  obtained  2  li.  oz.  meafures  of  gas,  of 
which  2  -Jo^  wore  carbonic  acid  gas,  the  remainder  hy- 
drogen gas.  Corvinus  long  ago  obtained  a  quantity  of 
elaftic  fluid,  from  putrid  fubftances,  one  of  w  hich  was 
imbibed  by  water,  the  other  not,  they  were  therefore  very 
probably  the  famegafes. 

The  caybonic  acid  has  been  fupffofcd  to  have  already  " 
exifted  in  animal  fubftances  cxpofed  to  putrefa6lion,  and 
to  liave  been  only  extricated  during  that  procefs  ;  but 
Lavoifier  found  that  new  fecal  matter  would  not  effervefce 
with  acids,  whilft  an  effervefcence  took  place  with  it  in 
it's  old  ftatc,  which  certainly  is  againft  this  fuppofition  : 
fome  chemilt.-?,  and  particularly  Berthollet  have  aflerted, 
that  it  arifes  from  the  decompofition  of  the  water,  that  the 
vital  air  unites  with  a  portion  of  the  carbon  of  the  animal 
matter,  and  forms  cari)c)nic  acid,  ivhilft  the  other  prin- 
ciple of  the  water,  the  hydrogen,  is  fet  at  libertv  in  the 
form  of  a  ga«;j  hence  two  gafcous  fubftances  are  obtained, 
the  carbonic  acid  and  hydrogen  gafes.  There  is,  how- 
ever, fome  doubt  of  this  origin  of  the  carbonic  acidj 
and  other  chcmills  are  of  opinion  the  oxygen  is  fupplied 
by  the  atmofphere,  fince  there  is  no  extrication  of  car- 
bonic acid,  uulcfs  tlie  I'ubflanccs  are  in  contaS;  with  the 
atmofpheric  air.  It  is  in  large  quantity  in  the  beginning 
of  putrcra«5licjrt,  at  which  time  it  only  exifts.  It  is  the  ■ 
gas  that  is  often  fo  fatal  to  people  who  defcend  into  i 
Tanlt:5,  and  thofe  places  where  animal  fubflances  arc  left  1 
to  putrcfv.  , 

!i..i,  „i.i.  2.  Attiinouin.  It  was  long  fuppofed  that  ammonia  al-  - 
rt'ady  exifted  in  aninial  fubflances  before  putrefufSliou"  ^ 
tummcnccd,  but  ik-rthjlkt  found  that  when  frefli,  na 
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animal  matter  contained  it  perfeftly  formed,  and  that 
when  deprived  of  azot,  by  the  nitrous  acid,  they  no  longer 
afforded  ammonia  by  any  means,  particularly  bv  diftil- 
lation.  It  has  been  before  obferved,  that  animal  fub- 
ftances  contained  a  large  portion  of  azot,  and  this  ac- 
counts for  the  origin  of  ammonia  ;  the  azot  combining 
with  the  hydrogen  of  the  water,  (where  oxygen,  or  at  leaft 
part  of  it  formed  carbonic  acid  with  the  carbon,)  forms  a 
union,  which  being  let  loofe,  is  the  volatile  alcali  fo  very 
prevalent  amongfl  putrid  fubilances  by  it's  pungent  fniell. 
It  is  rK?ceffary,  howe*fer,  for  the  formation  of  this  alcali, 
that  the  two  principles  meet  and  unite  at  the  time  they 
are  difengaged,  and  juft  taking  the  gafeous  form  ;  for  if 
both  the  azot  and  hydrogen  were  enveloped  in  their  folid 
combination,  no  union  could  take  place,  which  happens 
in  thofe  animal  matters  that  have  undergone  no  alteration; 
,on  the  contrary,  one  of  thefe  two  principles  is  developed 
without  the  other,  and  feparates  from  the  matters  that 
contain  it  in  the  form  of  an  elaftic  fluid,  the  produc- 
tion of  thisalcall  is  equally  prevented,  as  is  the  cafe  whei> 
the  nitric  acid  is  ufed.  But  by  the  flow  and  gradual  ac- 
tion of  putrefaction,  or  by  that  of  fire  increafed  by  de- 
grees, as  in  diftlllation,  the  intimate  union  of  thefe  two 
principles  is  accompllrtied,  by  favouring  their  flow  and 
fmiultaneous  evolution,  and  by  carrying  them  within  the 
reciprocal  attraction  of  each  other.  It  is  from  the  fame 
circumftances  perhaps,  that  Gaber  was  not  able  to  dif- 
■  cover  any  ammonia  in  putrid  fubftances,  either  in  the 
beginning  of  that  flate,  or  towards  tlie  end,  and  which 
led  him  to  deny  the  cxlflence  of  it  at  thefe  periods  of  pu- 
trefaction. Crell  likewife  found  it  was  not  to  be  mei 
with  at  all  periods;  he  is,  however,  of  opinion,  tliat  it's 
prelence  is  to  be  found  as  long  as  the  putrid  iinell  con- 
tinues, whlKt  porner  affirmed  it's  prefenceto  be  a  fign,  that 
the  putrefactive  procefs  ias  arrived  .at  it's  greatefl  height, 
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and  is  approaching  to  an  end.  From  the  fa£ls  of  the  pro- 
duftion  of  ammonia,  it  appears  that  nature,  by  allotting 
to  animal  fubftances  the  property  of  forming  this  alcali, 
has  given  one  of  the  principal  means  of  their  decompo- 
lition,  and  fpontaneous  deftru6tion}  for  as  foon  as  the 
azot  feparates  to  unite  with  the  hydrogen,  the  bond  of 
their  intimate  compofition  is  relaxed  j  this  alcalefccnce 
may  then  be  looked  upon  as  a  fign  of  great  diflblulioa 
and  perfedl  diforganization,  which  cannot  take  place 
in  animal  matters,  without  bringing  on  their  total  de- 
ftruiSlion. 
Probability  There  is  great  reafon  to  believe  that,  befides  this  al- 
maiion  aifo  c^^ij  the  two  othcrs,  viz.  potafh  and  foda,  may  be  pro- 
an/foda*  duced  during  putrefadion,  although  their  component 
parts  are  at  prefent  not  well  afcertained.  There  is  an  ac- 
count by  Morveau,  in  his  experiments  on  the  effefts  of 
different  gafes  on  flefh,  that  having  fufpended  a  piece  of 
lean  beef  in  a  bottle,  filled  with  nitrous  gas,  which  was 
covered  with  a  moift  piece  of  bladder,  and  well  tied,  he 
found  on  opening  it  five  years  after,  that  cryftals  of  nitre 
were  formed  in  it;  real  nitre  is  likewife  found  near 
privies,  as  particularly  inftanced  by  Dr.  Wall.  The  for- 
mation of  the  nitrous  acid  may  be  accounted  for  from 
the  exiftence  of  it's  radical,  but  that  of  the  ^(?r^y^  is  dif- 
ficult to  explain.  Thouvenel,  who  appears  to  have  ob- 
ferved  a  fmiilar  phenomenon,  admits  an  epoch  of  alcalej- 
*  cence  in  putrefaction,  after  that  of  acfccnce.  The  fame 
author  has  obfcrved,  that  where  putrid  fubftances  are  cx- 
pofed  for  the  formation  of  faltpetre,  the  mineral  alcali  is 
likewife  formed. 

3.     Nitric  acid.     It   had  lonff   been  known    that  the 

^■ilrIC  arid.  .  rr  i_      r  • 

putrid  fermentation  was  very  ncceliary  to  the  formation 
of  nitre,  and  Kunckel,  Vieuffens,  and  Homberg  had 
remarked  that  putrid  plood  when  dried  and  expofed  to 
the  air  afforded  it  in  large  quantity.    Junckcr  relates 
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that  Kunckel  having  let  fome  blood  putrefy,  until  It  was 
reduced  to  an  earth,  lixiviated  and  evaporated  the  liquor 
until  a  pellicle  appeared,  and  obtained  from  lOOlb.  of 
blood,  rather  more  than  3lb.  of  cryflallized  nitre.  But 
the  moft  diredl  and  fimple  experiment  was  made  by  the 
Commiflioners  of  the  Academy :  they  put  fome  chalk  well 
lixiviated  in  boiling  water  into  bafkets,  and  expofed  them 
to  the  vapour  of  putrid  ox  blood,  at  about  two  feet  dif- 
tant  from  each  other ;  when  at  the  end  of  a  few  months, 
the  chalk  was  found  to  contain  four  or  five  ounces  of 
faltpetre  for  each  quintal ;  from  which  they  conclude, 
that  the  nitrous  acid  is  produced  by  the  union  of  the 
vital  and  the  putrid  airs,  provided  every  thing  is  tranquil, 
and  the  atmofpheric  air  is  renewed  by  little  at  a  time, 
and  flowly.  Thouvenel  made  fome  experiments  on  this 
fubjeft,  by  putting  into  different  vefTels  air  difengaged 
from  putrid  matters,  with  various  aeriform  fluids,  and 
into  which  he  had  prevloufly  put  fome  alcali  or  earth,  in 
order  to  fix  the  acid,  and  he  found  1.  that  at  theend  of  a 
few  months,  nitrous  acid  was  only  formed  in  that  veflel 
in  which  was  vital  or  atmofpheric  air.  2.  That  chalk 
always  afforded  it  when  expoled  to  the  mixture,  and 
other  foluble  earths,  and  alcalis  very  rarely.  3.  That  of 
all  animal  matters,  blood  affords  it  in  greateft  abund- 
ance, and  during  the  longeft  time.  Since  the  difcovery 
of  Berthollet,  that  azot  is  fo  abundant  in  animal  fub- 
ftanccs,  and  fince  the  compofition  of  the  nitric  acid  has 
been  found  to  contain  that  principle,  as  one  of  it's  com- 
ponent parts,  fome  light  has  been  thrown  on  this  ob- 
fcure  fubje6l ;  and  the  formation  of  this  acid  is  now  ac- 
counted for  by  fome  chemifts,  from  the  vitval  air  of  the 
atmofphcre  uniting  with  the  azot,  which  is  extricated  in 
the  form  of  gas  from  the  putrid  matter  j  whil ft  others 
on  the  contrary,  as  Fourcroy,  allege,  that  there  is  a  de- 
compofition  of  the  water,  and  that  the  oxygen  is  furniflied 
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by  that  fluid.  It  was  affirmed  by  Shaw,  that  the  pro- 
duftlon  of  this  acid  was  only  during  the  lafl  ftage  of  pu- 
trefa6lion.  It  has  alfo  been  obfervcd,  that  it  is  not  a 
quick  but  a  very  llow  putrid  decompofition  that  produced 
the  greatcft  quantity  of  this  acid;  that  a  too  great  degree 
of  moifture,  or  loo  long  continued,  was  hurtful;  and 
from  the  experinients  of  Crell  it  appears,  that  a  mode- 
rate heat,  fuch  as  fpring  and  autumn,  with  a  change 
every  fourteen  days,  or  once  a  month,  of  the  furfacc  of 
•he  putrid  matter,  and  a  moiftatmofphcrcj  were  the  moil 
Favourable  to  it's  generation. 

Sulphur.  4.  Sulphur.     According  to  De  la  Metherie,  this  fub- 

flaace  has  been  found  in  feveral  places  where  putridity  is 
going  on,  as  on  the  fides  of  ftalls ;  and  according  to 
Rochcfoucault,  it  was  found  crvftallized  on  the  walls  of 
fome  old  p;;flages  at  Paris,  arifingfrom  the  effluvia  of  pu- 
trefying fubftances;  it  has  likowife  been  obferved  in  the 
dung  of  horfcs,  and  is  fuppofed  to  be  the  produ<:e  of  an 
incipient  putrefa6tion. 

Phofphorus.  5.  Phcfpborus.  The  phofphorefcent  light  obfervcd  n\ 
putrid  fubftances,  and  particularly  in  putrid  fifli,  was  fup- 
pofed by  Lavoifier  to  be  occafioned  by  the  extrication  of 
phofphorifcd  hydrogen ;  but  Davy  accounts  for  it  in  a 
different  way.  He  afierts,  this  luminous  appearance 
arifes  from  the  liberation  of  nitric  phofacid,  previoufly 
formed  during  life,  by  the  combination  of  light  with 
oxygen  and  nitrogen.  He  found  by  experiment  that 
putrefying  (ifii  arc  equally  luminous  in  water,  wlien  boiled 
to  expel  the  air  and  phofoxygen. 

H^cror'n        6.  Hydrogen  gas.      This  is   another  produ6lion  of  pu- 

^^ '  trefaftion.     It  was  afcertaincd  by  Lavoifier  from  fome 

cxperimenls  made  on  the  fecal  matter  of  a  necefiary,  that 
the  proportion  of  this  gas  incrcafes  with  the  progrefs  of 
putrefaftion,  and  he  continued  to  obtain  it  for  feveral 
years  after  the.  fixed  air  had  ceafcd  to  be  produced,  al- 
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though  Prieftley  affirms  the  contrary.  Lavoifier  expofed 
four  inches  of  fecal  matter  to  24  inches  of  vital  air  under 
mercury,  and  in  ten  days  there  only  remained  224  of  the 
air.  This  diminution  of  vital  air,  by  it's  expofure  to 
new  fecal  matter,  he  attributes  to  the  effecl  of  a  fmall 
quantity  of  inflammable  air  difengaged ;  for  Prieftley  has 
obferved,  that  when  inflammable  air  is  difengaged  flowly 
from  fermentefcible  iubftances  into  vital  air,  there  is  an 
infenfible  union  between  thefe  two  airs  at  the  moment  of 
the  formation  of  inflammable  air;  and  a  further  proof 
of  it's  being  this  air  which  a£ls  on  the  vital  air  at  this 
moment  is,  that  if  inftead  of  new  fecal  matter,  which 
affords  very  little  inflammable  air,  old  fecal  matter,  or 
that  which  is  a  little  advanced  in  putrefaction,  be  ufed, 
it's  aCliou  on  the  vital  air  is  greater  and  more  rapid,  and 
a  much  greater  diminution  takes  place  ;  at  the  feine  time 
the  inflammable  air,  which  would  have  been  obtained  by 
the  operation  in  veflfels  void  of  vital  air,  difappears : 
Jaence  it  is  probable  that  it  cffedls  by  flow  means  what 
takes  place  immediately  in  cafe  of  combufl;ion.  (Vide 
carbonic  acid.) 

Hydrogen  gas  has  a  very  difgufl:Ing  fmell,  and  it  is 
found  to  be  capable  of  diflblving  fulphur,  phofphorus, 
and  even  carbon,  which  fubfiiance  it  depofits  again  on  the 
addition  of  feveral  chemical  ao;ents  after  the  folution  has 
taken  place.  It  is  therefore  afferted  by  feveral  chemifl:s, 
that  the  difagreeable  naufeating  and  even  infupportable 
ftench  which  anfes  from  fubttances  in  a  putrid  fl:ate  is 
owing  lo  hydrogen  gas;  either  in  it's  free  ftate,  or  holding 
in  folution  fulphur,  in  which  ftate  it  is  called  fulphurous 
hydrogenous  gas;  or  phofphorus,  when  it  is  called  phof- 
phorated  hydrogenous  gas;  or  carbon,  forming  carbonated 
hydrogenous  gas.  The  difference  or  degree  of  fmell  may 
likewife  be  attributed  to  the  difference  or  degree  of  folu- 
tion.    If  the  hydrogenous  gas  be  alone,  it  is  perhaps  the 


234  PUTREFACTION. 

lead  unpleafant;  combined  with  fulphur,  it  has  the  finell 
of  rotten  eggs;  and  witli  phofphoms,  that  horrid  flench 
is  produced  peculiar  to  rtini<ing  fifli.  The  carbonated  hy- 
drogenous gas  no  doubt  hkewife  produces  it's  pecuHar 
fmell,  but  as  tbefe  odours  are  generally  mixed  during  pu- 
trcfadion,  they  are  perhaps  only  to  be  diftinguifhed  at 
particular  ftages  of  it,  when  the  one  or  the  other  predo- 
minates. 

^Azotgas.  7.  Axot  gas.  This  is  obtained  from  putrefying  animal 
fubftances  either  in  it's  combined  Hate,  or  united  with 
hydrogen  forming  ammonia,  or  with  oxvgen  forming  the 
nitrous  acid  3  it  may  likewife  form  other  combinations. 
According  to  Fourcroy,  this  gas  has  a  very  peculiar  and 
diftinft  odour  refembling  fifli  jail  becnnningto  putrefy; 
it  feparates  a  little  carbon  from  animal  fubflances,  and  it 
gives  the  greenifh  colour  to  part?,  more  particularly  to 
the  mufcles,  which  is  feen  during  their  putrid  ftate  :  this 
chemift  aflerts  it  has  a  very  deleterious  effeft  on  living 
animals,  and  Dr.  Mitchel  of  New  York,  as  well  as  Drs. 
Hamilton  and  Currie,  are  of  opiuion,  that  the  gafeous 
oxyd  of  nitrogen  may  have  the  principal  fliare  in  gene- 
ratincr  contasfious  difeafes. 

Pniman  g.  Prujfiati  blue.     Fourcroy  has  found  Prufiian  blue  in 

animal  fubftances  during  putrefaction,  and  a  fmell  ot 
pruflic  acid  has  alfo  been  obferved;  but  as  all  animal 
fubftances  contain  the  principles  of  thefc  two  matters, 
which  require  only  an  opportunity  for  a  union,  their 
prefence  in  fome  cafes  is  not  furprifnig. 

Heat.  0'  Ii<:'Jt-     Whether  this  be  a  fubftance  or  a  fenfation 

produced  by  the  repulfive  motion  of  the  putrid  procefs, 
it  is  found  to  take  place  in  all  matters  undergoing  that 
operation,  more  particularly  when  in  large  quantities; 
this  is  more  evident  in  dunghills;  and  we  are  informed 
by  Munro,  that  upon  thrufting  his  hand  into  the  flcfh  of 
a  dead  and  corrupting  wkalc,  he  felt  a  very  fcnfible  hcat» 
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10.  Earth.  When  the  volatile  parts,  or  thofe  capable  Earth, 
of  becoming  fo,  fly  off  or  form  combinations,  and  efcape 
in  the  order  of  their  volatility,  and  the  various  odours 
they  give  rife  to  have  vaniflied  along  with  them,  the  pu- 
trefa6tive  procefs  is  over,  nature  has  performed  her  pur- 
pofe,  her  decompofition  is  complete,  and  there  remains 
nothing  but  an  iiifipid,  blackifh,  and  carbonaceous  fub- 
flance,  which  is  called  the  earth,  a  fpecies  of  caput  mor- 
luum,  which  has  not  been  thoroughly  examined.  It  is 
faid  to  confift  of  the  oily  matter  of  calcareous  phofphat, 
and  the  phofphat  of  foda  united  to  a  portion  of  the  car- 
bonaceous principle. 

From  obferving  the  phenomena  attending  putrefaftion  Four  ft.<ges 
Boiffeau  has  diftinguiflied  four  ftages.  The  firft  he  calls  toT''^^^' 
a  tendency  to  putrefa6lion,  vv^iich  confirts  of  only  a  very 
inconfiderable  change,  perceptible  by  a  (light  faint  fmell, 
and  a  foftening  of  the  fubftance.  The  fecond  degree  he 
calls  the  commencement  of  putrefaction,  this  is  fome- 
times  indicated  by  marks  of  acidity,  the  fubftances  lofe 
fomewhat  of  their  weight,  become  foft  and  emit  a  fetid 
fmell  J  a  ferous  matter  exudes  from  them  if  in  clofe  vef- 
fels,  or  they  become  dry  or  dark  coloured  if  expofed  to 
the  air,  although  if  the  laft  be  moid  there  is  little  diffe- 
rence. The  third  degree  he  calls  the  advanced  ftage  of 
putrefa6lion,  the  lubftance  emits  a  volatile  alkaline  fmell, 
mixed  with  a  naufeous  or  putrid  aroma,  it  diminifhes  and 
falls  into  diflblution,  the  colour  changes  more  and  more, 
and  it  lofes  both  weight  and  bulk.  The  fourth  degree, 
or  complete  putrefaftion  is  known  to  have  taken  place  by 
the  volatile  alkali  being  entirely  and  completely  diffipated, 
the  fetid  fmell  lofes  it's  force,  the  volume  and  weight  of 
the  fubftance  are  confiderably  diminiflied,  a  gelatinous 
mucus  is  feparated,  the  mafs  becomes  by  degrees  dry, 
and  is  at  length  reduced  to  a  friable  and  earthy  matter. 
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Such  are  the  general  ftages  and  effefts  which  nature  pro- 
■duces. 
Diffecnce  Thefe  phenomena  are  not  however  the  fame  in  all  mat- 
mena.  '  ters  that  undergo  putrefaction.  Xh'Cfe  is  a  great  difference 
between  the  putrcfaclion  of  the  parts  of  living  animals 
and  that  of  dead  organs.  Bcfides,  every  humour  and 
every  folid  pan  feparatcd  from  a  dead  animal  has  likewife 
it's  peculiar  manner  of  putrefying.  The  miflcular,  the 
membranous,  or  the  parenchymr  tous  texture  of  the  or- 
gans^ the  oily,  gelatinous,  or  albuminous  nature  of  the 
humours,  their  confiftence,  their  ftate  wifeh  refpeift  to 
that  of  the  animal  vi'hich  afforded  them,  all  have  a  more 
or  kfs  great  influence  on  the  putrefa£live  procefs,  ^nd 
modifying  it  in  a  variety  of  ways,  perhaps  impofTiblc  to 
be  eflimated.  If  to  thefc  be  added,  the  ftate  of  the  air, 
it's  temperature,  elallicity,  weight,  dryncfs  and  moifture, 
with  many  other  circumftances,  the  actions  of  which  are 
more  or  lefs  to  be  confidered,  the  phenomena  will  be  ftiU 
more  diverfified.  Hence  we  may  fay  with  Fourcroy,  that 
the  hiftory  of  animal  putrcfadion  is  fcarccly  begun,  and 
demands  an  immenfc  feries  of  experiments  and  obfer- 
vations. 
Cniiffssf.  Several  caufes  have  been  attributed  to  the  production 
{i.;ned  by     ^^  pu'trefa£tion.     It  was  the  oi)i.nlon  of  fome   phiiofo- 

flifferent  *  ^  \ 

authors.  phcrs  it  was  brought  about  by  animalcula  and  infects ; 
amongft  thefe  were  Linnaeus,  Kircher,  and  Plenciz  ;  this 
hypothefis,  however,  was  overturned  by  the  experiments 
of  Alexander.  According  to  the  opinion  of  Macbride, 
fixed  air  is  the  fundamental  caufc  of  putrefaction;  for  as 
he  fuppofcs  this  to  be  the  power  of  cohefion  in  bodies  by 
•which  their  parts  were  kept  together,  it  follows,  that  when 
this  is  extricated,  as  is  the  cafe  in  all  putrefaction,  the 
other  component  parts  muft  likewife  fuffer  a  decompoll- 
tiOD,  the  equilibrium  between  them  being  deflfoyed. 
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Another  opinion  was,  that  phlogifton  is  the  caufe  of  it, 
and  as  it  was  the  fafhion  to  attribute  almoft  every  chemi- 
cal phenomenon  to  the  abfence  or  prefence  of  this  princi- 
ple, it  was  confidently  afPertcd,  that  the  decompofition  of 
bodies  is  brought  about  by  this  phlogiftic  matter  being 
extricated  from  them,  or  in  other  words,  that  the  abfence 
of  phlogifton  was  the  production  of   putridity.     The 
phlogifticarians,  and  particularly  Ker,  explain  it  in  the 
following  manner :  they  look  upon  the  feparationof  phlo- 
gifton from  the  other  component  parts  of  bodies  to  be 
the  foundation  of  this  procefs.  When  therefore  putrefy- 
ing fubftances  arc  expofed  according  to  circumftances  thai 
favour  it,  it  begins  firft  by  an  expulfion  of  fixed  air,  by 
■which  much  of  the  pure  air  of  the  organic  matter  is  ex- 
tricated to  unite  with  the  phlogifton  for  it's  formation; 
another  part  of  the  phlogifton  unites  with  the  water,  and, 
the  volatility  of  both  being  affifted  by  the  heat  of  putre- 
fadlion,   rifes  in   the  form  of  inflammable  gas ;  another 
portion  of  phlogifton  evolved  and  freed  from  it's  organic 
compofition  unites  with  a  portion  of  air,  forming  phlo- 
gifticated  air;  fomc  of  this  phlogifton  uniting  with  a  great 
deal  of  water,  fome  earth,  and  lefs  air,  forms  volatile  al- 
kali ;  the  remaining  phlogifton  attrafting  flowly  the  pure 
air  from  the  atmofphere,  forms,  with  water  and  the  fixed 
alkali  or  the  pure  earth  of  the  organifed  fubftance,   a  fa- 
line  or  calcareous  nitre ;  whilft  the  greateft  part  of  the 
earth  thus  feparated  from  it's  former  combinations  re- 
mains in  it's  proper  form,  or  rather  in  a  fomewhat  phlo- 
gifticated    ftate.     It  was  then  alleged,    that  the  atmo- 
fpheric  air  was  the  grand  caufe;  but  according  to  Weber, 
this  air   is  not  only'  without  effeft,    unlefs  affifted   by 
v^'armth  and  moifture,  but  from  the  experiments  of  Alex- 
ander, it's  free  admittance  is  not  indifpcnfibly  neccftary        ' 
to  putrefa£lion.     Fourcroy,  and  the  French  chemifts  at- 
tribute it  to  the  decompofitiou  of, water;  it  is  their  opi- 
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nion  this'fluid  is  decompofed,  that  one  of  it's  component 
parts,  the  oxygen,  feizes  the  azot  of  the  animal  fubftance, 
and  contributes  to  the  formation  of  the  nitrous  acid, 
and  that  the  other  component  part,  the  hydrogen,  unit- 
ing with  a  portion  of  the  fame  azot  which  abounds,  pro- 
duces the  volatile  alkali.  The  great  difficulty,  however, 
refpefting  the  decompofition  of  the  water  is,  that  it  is 
unknown  how  it  can  take  place  at  fo  low  a  temperature  ; 
and  to  fliow  that  oxygen  is  always  imbibed  by  putrefying 
fubftances,  it  is  only  neceflary  to  examine  the  air,  which 
is  found  to  be  diminiflied,  and  the  oxygen  to  have  difap- 
peared,  whilfl  the  prefence  of  the  atmofpheric  air  is  always 
neceflary  for  putrefaction  to  take  place,  and  the  purer  the 
air,  or  the  larger  quantity  of  oxygen  it  contains,  the 
fooner  and  the  more  rapid  is  the  putrefying  procefsj 
thefe  are  great  proofs  that  this  principle  afts  at  leafl  a 
principal  part  in  it's  production ;  but  as  before  ob- 
ferved,  it  is  not  the  caufeof  it. 

Morveau,  in  order  to  find  what  aCtion  different  forts  of 
airs  would  have  upon  animal  fubftances,  filled  feven  large 
bottles,  and  fufpended  in  each  an  ounce  of  lean  beef,  he 
then  covered  the  bottle  v.ith  a  piece  of  bladder,  and  tied 
it,  leaving  them  for  five  years  without  being  opened,  when 
he  found,  that 

Grains. 

In  the  vital  air,  the  flefh  was  reduced  to 136     . 

Common  air 149 

Fixed  air    157 

Inflammable  air 163 

Nitrous  gas 155 

Ammoniacal  gas   242 

Putrid  gas 1 68 

In  the  vital  air,  this  chemift  informs  us,  the  putrid 
odour  was  perceived  the  longed  time  through  the  blad- 
ritt,  il  was  very  (Irong  after  two  months,  whilft  if  that 
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in  the  commou  air  be  excepted,  fcarcely  any  thing  was 
emitted  from  the  others  ;  hence  it  appears,  that  the  vital 
and  coijimon  airs  had  a  great  advantage  over  the  others, 
whiqh  agrees  with  the  nature  of  them  determined  by 
other  properties.  All  the  pieces  of  flelh  were  found  to 
be  dry  and  tending  more  or  lefs  to  a  black  colour,  efpeci- 
ally  that  in  the  vital  air,  which  fliows  that  it  had  made  in 
that  air  the  greateft  progrefs  in  putrefaftion. 

The  caufe  or  origin  of  putrefaction  is  the  refumption 
of  the  chemical  elective  attradions  which  the  compo- 
nent remote  parts  of  bodies  had  been  deprived  of  by  the 
principle  of  life,  and  the  confequent  formation  of  new 
combinations  brought  about  by  feveral  acceflbries,  or  as 
they  may  be  called,  feptics,  viz.  mo^Jluref  moderate  tem- 
perature^ fepofe,  and  a  communication  with  the  external  air, 

A  certain  degree  of  moifture  appears  neceflary  to  give  Accefforea 

1  111  r  ■  •   1  •  1    <""  Replies. 

the  component  parts  the  liberty  or  commgwitnui  each 
other's  attraftion  fo  as  to  form  new  unions  with  the  oxy- 
gen of  the  atmofphere,  and  alfo  amongft  each  other ; 
whereas  drynefs  prevents,  or  rather  retards  it,  as  well  as 
too  much  aqueous  fluid ;  hence  the  preference  of  a  moift 
atmofphere. 

2.  A  moderate  temperature,  fuch  as  65°,  h  found  to  be 
the  heat  of  the  atmofphere  moft  favourable  to  putre- 
faction. On  the  contrary,  a  great  degree  is  apt  to  vola- 
tilize the  parts  of  bodies  before  they  can  form  a  union, 
and  to  produce  exficcation  ;  and  a  low  degree,  as  that  near 
the  freezing  point,  retards  it  by  not  giving  the  parts  fuffi- 
cient  activity  to  form  new  combinations,  whilfl  congela- 
tion ftops  it  altogether. 

3.  Repofe  is  likewife  a  great  affiftant  in  this  procefs, 
for  without  it  there  is  no  time  for  new  unions  to  take 
place,  and  a  quick  fuccefiion  of  air  takes  away  the  moif- 
ture fo  neceflary,  and  dries  the  external  parts;  a  confined 
air  is  the  greateft  promoter  of  putrefaction. 
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4.  Bodies  will  not  putrefy  in  vacuo,  hence  the  atmo- 
fpheric  air  is  equally  neceflary  with  the  others,  and  it  is 
always  found  to  be  diminidied,  as  is  the  cafe  whenever  it's 
oxygen   is   abforbed,   ;".  e.  in  all  procefles  which  the  old 
chemi%  called  phlogiflic;  and  the  larger  the  proportion  of 
oxygen  the  quicker  and  more  perfect  is  the  putrefadion. 
It  is  on  this  account  that  great  finiilarity  has  been  obfcrved, 
particularly  by  Goddard,  between  the  putrefaAive  procefs 
and  the  a61:ion  of  fire  on  the  atmofphcrc  during  com- 
Difliilaiion  buftiou,  both   converting  fubftanccs  into   an  earth,  and 
toputtef.ic- caufing  an  abforption  of  the  oxygen  of  the  atmofphcre, 
^**^  and  a  generation   of  fixed  air;  but  as   the  putrefa«5live 

procefs  is  much  flower  than  either  moifl  or  drv  diftilla- 
tion,  the  produ6ls  are  different  in  fome  refpeds,  from  the 
great  degree  of  heat  not  permitting  the  component  parts 
to  form  the  fame  unions.  They  both  decompofe  animal 
fubflances  and  form  new  compounds.  Both  in  diflilla- 
tion  and  putrefadiion,  fixed  air,  ammonia,  hydrogen 
gas,  and  fulphureous  hydrogen  gas  are  obtained  ;  but  in 
the  fir  ft,  the  heat  being  very  powerful,  forces  more  or 
^  lefs  carbon   from    it's  combination,  which  uniting  with 

hyilrogen  forms  an  oil  more  or  lefs  empyreumatic,  ac- 
cording to  the  quantity  of  carbon;  whilft  in  the  fecond, 
when  there  is  Rrfficient  repofe  and  time  for  the  azot  to 
unite  with  the  oxygen  of  the  atmofphere,  the  nitric  acid 
is  produced. 

Thefe  four  acceflfories  being  the  grand  promoters  of  pu- 
trefatSlion  v/ithout  which  it  cannot  take  place,  it  follows, 
that  fubllances  which  are  favourable  to  thefe  promote  pu- 
trefaction ;  and  on  the  contrary,  thofe  which  impede 
them,  more  or  lefs  prevent  it.  It  is  principally  on  thefe 
grounds  that  experiments  have  been  made  to  find  what 
fubflances  promote,  and  what  retard  or  prevent  it;  the 
firfl  have  been  called  fcptics,  the  other  antifeptics.  For 
many  experiments  of  this  kind  we  are  indebted  to  Prin- 
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gle,  Macbrlde,  Buckliolz,  Briignatelli,  Spielman,  Mor- 
veau,  &:c.,  but  great  additions  are  neceiTary  to  determine 
the  relative  powers  of  feptic  or  antifeptic  bodies  with  any 
degree  of  precifion. 

Pringle  and  Macbride  were  the  firft  to  make  experi-  Antifeptics. 
ments  to  prove  what  thofe  fubftances  were  that  oppofed 
putrefaftion.  In  taking  the  general  conclufions  not  only 
of  the  experiments  of  thefe  two  phvficians,  but  of  thofe 
of  Buckholz,  Brugnatelli,  and  Morveau,  it  appears, 
that  fubftanccs  which  are  antifeptic  are  not  only  incapa- 
ble of  putrefa6lion  themfelves,  but  they  deprive  thofe 
which  promote  it  of  their  energy,  at  leaft  in  a  greater  or 
lefs  degree  J  among  thefe  are  dry  earths,  acids,  alkalis, 
neutral  falts,  fpirituous  liquors,  eflential  and  empyreuma- 
tic  oils,  balfams,  refins,  fpices,  bitters,  aftringents,  fmoke 
of  different  kinds,  and  all  gafes  or  airs,  except  thofe  into 
which  oxygen  enters,  as  a  conflituent  part,  as  the  atmo- 
fpheric  air. 

All  thefe  impede  the  putrefactive  procefs,  at  leaft,  ani- 
mal fubftances  are  longer  in  becoming  putrid  in  them 
than  when  expofed  to  the  atmofpheric  air.  Sec.  It  islikewife 
found,  that  the  fermentation  of  vegetable  fubftances  is 
increafed  by  a  mixture  of  animal  matter,  and  the  putref- 
cency  of  the  latter  is  corrected  by  the  oppofite  quality  of 
the  former. 

By  making  ufe  of  thofe  means,  which  prevent  putre-  Prepamtion 
fa£tion,  and  by  the  affiftance  of  thofe  fubftances  that  are 
called  antifeptics,   the  bodies  of  animals  or  their  parts 
may  be  preferved   for  a  great  length  of  time.     This  has 
been  pra6llfed  from  the  earlieft  ages,  by  the  name  of  em- 
balming.    According  to  Diodorus  Siculus,  the  ancient 
Egyptians  were  accuftomed  not  only  to  embalm  the  dead  Art  of  em- 
bodies of  thofe  animals  their  fuperftition  had  rendered  ho-  lUg  Eg^p, 
ly,  but  likewife  human  bodies  which  were  thus  preferved  ■'^"'" 
from  a  fpontaneous  decompofition,  and  are  fo  abundantly 

vol..  III.  a 


242  PUTREFACTION. 

to  be  found  by  the  name  of  mummies.     We  are  Inforni- 

'  ed  by  Herodotus,  as  well  as  the  before-mentioned  author, 

that  the  Esfyptians  had  feveral   methods  of  embalming 

the  human  body,  three  of  which  are  particularly  noticed. 

To   this  difference  in  the   procefs,  Lconhardi  attributes 

the  different  opinions  phyficians  and  chemifts  have  had 

of  this  ancient  operation. 

Tfreemc-        j     ^  Yi^]^  ^^^^  made  through  the  npftrils  into  the  cra- 
thods.  . 

nium,  the  brain  extraftcd,   and   the  cranium  was  filled 

with  the  embalming  fubflance.  The  thorax  and  abdo- 
men were  then  deprived  of  their  vifcera,  except  the  heart 
and  kidneys;  they  were  wailied  with  Phoenician  wine,  and 
filled  with  fwcet-fccnted  rcfmsand  aromatics  ;  the  opened 
parts  having  been  afterward  fewed  up,  the  body  was  well 
waftied  and  cleanfed,  and  placed  in  natron,  which  is  fup- 
pofed  to  have  been  the  mineral  alkali  united  with  com- 
mon fall,  and  found  native  in  Egypt.  In  this  alkali  it 
remained  about  30  days  ;  it  was  taken  out  and  waOied  a 
fecond  time,  befmcared  over  with  a  gum  or  refin,  care- 
fully enveloped  with  cotton  bandages  and  placed  in  a  cof- 
fin. This  method  was  very  expenfive,  but  is  the  only 
one  that  merits  the  name  of  embalming. 

2.  A  cheaper  way  of  preferving  the  body  was  to  in- 
troduce various  refins,  particularly  that  from  the  cedar, 
by  the  anus,  without  opening  either  the  belly  or  thorax, 
the  body  was  then  dried  in  natron,  and  afterwards  the 
refin  with  the  corroded  inteftines  were  taken  away. 

3.  The  chcapeft  method  confifted  merely  in  wafhing  the 
body,  and  it's  expofure  to  the  a6lion  of  natron,  which 
we  are  informed  deftroyed  the  flelh  and  ouly  left  the,  (kin 

I  and  bones. 

,  Gpini-^nson      With   rcfpe^l  to  the  cmbalmingf  fubflance  employed 
thefub-  '  -  ^     ^ 


itaiices  cm-  on  thcfc  occafious  thcrc  are  various  opinions.  Some,  as 
RoucUe  and  Vaudermonde,  look  upon  it  to  have  been 
afphaltum  mixed  with  the  oil  of  the  cedar  feed  ;  whiKl 
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Hardley  thinks,  with  the  ancients,  it  was  the  refin  of  this 
tree,  or  fome  otlier  vegetable  refin.  Belloni  and  Blumen- 
bach  are  of  opinion  that  afphahum  was  ufed  in  common 
operations  as  being  the  chcapeft,  and  that,  on  particular 
occafions,  the  odoriferous  vegetable  refins  were  chofcn  j 
and  the  latter  chemift,  on  the  examination  often  different 
mummies,  found  no  afphahum,  but  very  evident  traces 
of  vegetable  refins.  It  is,  however,  certain  that  the  fub- 
ftances  for  this  purpofe  were  not  always  of  the  fame 
kind. 

The   art  of  embalming  the  human  body  has  likewifeAitempted 
been  attempted  by  fome  of  the  moderns,   but  the  mere  ^^^"^["^  "^"' 
a6lion  of  faline  bodies,  and  fillvngc  the  cavities  of  the  body 
with  aromatic  herbs,  were  found   not   to  be  fuificient  to 
preferve  it  from  putrefaftion.     Tbc^  bed  and  perhaps  the 
only  method  worth  attention  is  that  pointed  out  bv  Dr.  r.    u 

•'  ^  ■^  Dr,  Hunter. 

Hunter.  As  foon  as  the  corpfe  is  become  cold  and  fiifF, 
and  before  any  fymj-toms  of  putrefaftion  appear,  it  is  to 
be  well  wafiied  with  warm  water;  one  of  the  large 
arteries  is  then  to  be  laid  open,  and  the  following  injec- 
tion to  be  forcibly  made  to  enter  the  fmal!efi:_vcfiR>ls,  even 
thofe  of  the  cellular  membrane.  Two  parts  of  the  oil  of 
chamomile  are  to  be  mixed  v^ith  eight  parts  of  oil  of  la- 
vender, and  fixteen  of  oil  of  rofemary  ;  like-vife  the  oil  of 
turpentine  may  be  either  ufed  alone  or  mixed  with  a  little 
of  the  oils  of  rofemary  and  lavender;  or,  to  give  it  a  co- 
lour, a  little  cinnabar  may  be  utTited  with  the  oil  of  tur- 
pentine. The  different  vifcera  are  in  a  fiiorl  time  after  to 
be  extraAed,  the  inteftines  to  be  carefully  cleanfed  of 
their  contents,  and  the  reft  of  the  vifcera  to  be  deprived 
of  their  moifture  bv  wiping  them  repeatedly  with  drv 
towels  ;  the  body  is  likewife  internally  to  be  cleanfed 
of  it's  blood  and  injefted  oils,  by  fquee^ing  the 
veflels ;  the  arteries  are  then  lo  be  injefted  as  well  as  the 
other  large  veflels  that  have  been  cut,  with  a  mixture  coni- 

R  2 
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pofed  of  C  lb.  of  oil  of  turpentine,  5  oz.  of  turpentine, 
11  oz.  of  cinnabar,  2  oz.  of  camphor,  and  3  lb.  of 
flrong  fpirit  of  wine  ;  with  this  likewifc  the  flcfliy  parts 
that  have  been  well  deprived  of  any  nioiflure  arc  to  be 
carefully  anpintcd,  the  veflels  of  the  inteftines  to  be  in- 
jected, and  then  to  be  replaced  in  their  former  fituation, 
fcattering  a  fufficient  quantity  of  a  powder  about  them, 
compofed  of  10  lb.  of  yellow  refin  or  pitch,  6  lb.  of 
faltpetre,  and  3  oz.  of  pulverized  camphor,  fo  that  everv 
vacancy  may  be  perfc£lly  replete  with  it.  Afterward, 
when  a  little  of  the  i-njeCling  liquor  above  mentioned 
has  been  poured  into  the  thorax  and  belly,  the  fkin  is  to 
be  clofed,  the  mouth,  pharynx,  and  larynx  fyringed  and 
filled  with  the  powder,  together  with  the  cavities  of  the 
ears,  nofe,  anus,  parts  of  generation,  eyes  and  eyelids, 
and  tl^  whole  body,  after  having  been  previoufly  wafhed 
and  rubbed  dry,  is  to  be  well  rubbed  with  alcohol  and 
camphor,  and  finally  with  the  oils  of  rofemary  and  laven- 
der. The  body  being  thus  embalmed,  in  order  to  deprive 
it  of  any  remaining  moifture,  it  is  to  be  laid  in  a  coffin 
upon  fome  calcined  and  finely  pulverized  gypfum,  fo  as 
to  be  on  all  fides  about  half  covered  with  it ;  pieces  of 
camphor  are  to  be  fi:rewed  about,  and  a  range  of  open 
bottles  filled  with  volatile  oils  ;  the  coffin  is  then  to  be 
well  clofed,  having  a  lid  with  a  glafs  in  it.  In  al>out  four 
years  the  gypfum  fhould  be  renewed,  and  when  the  body 
is  perfeftly  dry,  it  may  be  difpenfe'd  with  altogether, 
of  anTmaU*  Bcfidcs  the  embalming  of  the  human  body,  chemiftry 
by  natu-  jg  ^j^jg  jq  afford  CTcat  affiftance  to  t)ie  naturalift  in  the 
preparation  of  quadrupeds,  birds,  and  other  animals  that 
compofc  colleftions  of  natural  hiftory.  It  affords  the 
moft  proper  means  not  only  of  being  able  to  give  them 
duration  and  confiftence,  but  to  make  them  deviate. as 
little  as  poffible  from  the  living  ftate,  that  by  their  atti- 
tudes and  mofl:  natural  pofitions,  they  may  be  enabled  to 
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exhi\)it  in  great  perfeAion  both  their  infliii6l  and  cha- 
ra6ler,  circumftances  of  great  importance  in  the  fcience 
of  natural  hiftory. 

For  thefe  effefts,  the  methods  publiflicd  by  Reaumur 
in  the  45th  vol.  of  the  Philofoph.  Trans.,  and  thofe  rela- 
ted in  the  Di6i:.  d'Hiftoire  Naturelle,  when  chemically 
examined,  are  far  from  being  fatisfa6lory.  Independent 
of  the  method  of  embalming  propofed  by  Dr.  Hunter 
juft  mentioned,  which  may  be  applied  alfo  to  fubjeiSls 
deftined  for  natural  colle<Stions,  feveral  chemifts  have 
given  direftions  for  that  jbreparation  ;  amongft  the  prin- 
cipal of  which  are  Kuckham,  Chaptal,  and  Pinel. 

Kuckham  publifiied  a  procefs  for  the  preparation  of  birds  Method  of 
in  the  60th  vol.  of  the  Philofoph,  Trans.  His  compofition 
to  prefervethem  from  putrefaction  is  a  mixture  compofed 
of  a  quarter  a  pound  of  corros.  fub.;  half  a  pound  of  cal- 
cined fahpetre;  a  quarter  of  a  pound  ofcalclnedalum  ;  half 
a  poundof  flowers  offulphurj  aquarterof  apoundofmuik; 
one  pound  of  black  pepper,  and  one  pound  of  pulverized 
tobacco  J  thefe  are  to  be  kept  in  a  well-clofed  glafs  veflel, 
and  in  a  dry  place.  The  corrosive  fublimate  is  very  flital 
to  infe£ts;  and,  according  to  Pincl,  the  onlyobjedion  to  Piuei. 
the  mixture  is  the  expenfe.  He  therefore  fubfiitutes  the 
following  in  it's  place  5  equal  parts  of  corros.  fubl.  or 
arfenic,  calcined  alum,  camphor,  canella,  or  any  other 
aromatic,  are  to  be  pulverized  and  mixed  together.  Pinel 
has  likewife  made  ufe  of  a  varnifh  with  great  fuccefsj  it 
was,  he  informs  us,  at  fir  ft  kept  a  fecret,  and  is  a  very 
fure  means  to  prevent  ^tke  generation  of  infe6ts  in  the 
fkins  of  dead  animals,  or  to  deftroy  them  when  hatched  ; 
fo  that  for  three  or  four  years,  until  they  can  be  conve- 
niently placed  in  the  collection  they  are  deftined  for,  the 
keeping  them  under  cafes  of  glafs  may  be  difpcnfcd  with. 
It  is  compofed  of  the  following  articles  :  Four  ounces  of 
pulverized  arfenic  are  to  be  put  into  one  pound  of  brandy.^ 
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the  mixture  heated  gently,  fomc  black  fonp  and  aloes  are 
then  to  be  added,  fo  us  lo  form  a  kind  of  magma,  which 
muft  be  jlghtly  cxuuidcd  whilft  warm  in  the  interior  of 
the  animal  with  a  brufli,  the  foft  parts  having  been 
taken  away ;  the  fame  procefs  muft  be  applied  to  the 
internal  furface  of  the  Ikin.  When  ufed,  he  recommends 
it  to  be  diluted  with  alcohol.  Immediately  after  it's  ufe, 
the  preparation  fliould  be  mountedj  as  the  evaporation  of 
the  fluid  part  occafions  the  fkin  to  become  hard  and  diffi- 
cult to  foften  again. 

It  is  with  this  magma  that  cotton  or  flax  ought  to  be 
impregnated,  with  which  the  internal  parts  of  animal 
bodies  are  to  be  filled,  and  it  is  found  to  be  far  fuperior 
to  the  mixture  compofed  of  a  folution  of  camphor  in  rec- 
tified fpirit  of  wine,  which  is  commonly  uied  in  this 
country.  It  is  likewifc  necefTary  that  the  zoologift  fhould 
be  provided  with  caullic  foda,  a  folution  of  which  cor- 
rodes the  foft  parts,  and  by  uniting  with  the  fat  parts 
forms  a  fpecies  of  foap  that  is  afterwards  eafily  taken  out 
Chaptai.  by  repeated  lotions,  Chaptal  recommends  the  craniurti 
and  inteftines,  when  deprived  of  their  contents,  to  be 
fyringed  with  vitriolic  ether. 

Small  animals,  or  the  parts  of  large  ones,  are 
iifually  preferved  by  being  kept  in  fpirit  of  wine;  for 
thijS  purpofe,  it  is  obferved  by  Leonhardi,  that  a  little 
water  and  a  fifth  part  of  fpirit  of  fal  ammoniac  fhould  be 
added,  which  will  prcferve  the  colour  and  foftnefs. 

A  method  of  preferving  anatomical  fubjefls  in  a  very 
perfe6l  manner,  is  the  following.  It  is  faid  to  have  been 
Sheldon,  made  ufc  of  by  John  Sheldon.  He  injedts  feveral  parts 
of  the  body  with  ftrong  fpirit  of  wine,  faturated  with  cam- 
phor, and  mixed  with  a  fmall  portion  of  turpentine.  The 
fkin  is  prepared  with  finely  pulverized  alum,  rubbed  on 
v-'ith  the  hand.  The  inteftines  are  taken  out  and  covered 
with  a  varnifl),  compofed  of  a  mixture  of  camphor,  and 
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common  refin.  All  the  internal  parts  of  the  body  un- 
dergo the  fame  operation,  and  are  afterwards  rubbed  with 
alum.  The  body  thus  prepared  is  laid  on  a  bed  of  caf- 
cined  chalk  to  the  thicknefs  of  one  inch,  in  order  to  ab- 
forb  all  humidity,  and  is  then  placed  in  a  double  cafe  of 
■v\^ood>  the  inner  of  which  is  of  cedar.  In  this  manner 
he  has  been  able  to  preferve  the  body  of  a  young  woman 
for  feveral  years,  which  retains  it's  form  and  appearance 
nearly  as  perfe(^  as  in  life.  Even  the  natural  tint  of  the 
fkin  of  the  face  is  preferved,  by  a  coloured  inic6lion  im- 
pelled'through  the  carotids  lo  produce  that  effeft. 

Chauffier  has  difcovered,  that  if  the  bodies  of  men  or  Cliaufrar. 
other  animals  be  plunged  for  fome  time  in  a  folution  of 
corroiive  fublimate,  and  then  dried,  they  affume  the 
confiftency  of  wood,  and  the  air  produces  no  effe6i 
upon  them  afterward  ;  and  if  the  bodies  be  injefted  pre- 
vioufly,  'they  will  retain  the  colour  and  appearances  of 
life,  and  confequently  form  mummies  more  perfe£l  than 
the  Egyptian. 

It  is  well  known,  how  difagrecable  and  very  incon-  Foarcmy. 
venient  that  putridity  is  to  the  anatomift,  which  often  fo 
foon  takes  place  in  bodies  or  their  parts  under  diire6l!on, 
and  to  Fourcroy  it  is,  that  we  are  indebted  for  a  method 
bv  which  thefe  inconveniences  may  be  prevented:  it  con- 
fids  in  fprinkling  the  parts  with  oxygenated  muriatic  acid. 
He  informs  us,  the  abdominal  murcles  of  a  fubjedvt  for 
demonflration  having  been  removed,  and  the  cavity  of 
the  abdomen  laid  open,  notwithftanding  the  contents 
were  carefully  removed,  it  was  found  to  exhale  a  coniide- 
rable  putrefactive  fmcll  ;  care,  liowevcr,  being  taken  to 
wafli  the  whole  internal  furface  with  the  liquid  oxygena- 
ted muriatic  acid,  the  odour  was  immediately  de(i;ro\ed, 
and  the  ftiidents  that  had  quitted  the  bodv  foon  refumed 
their  fituation  without  being  afterwards  'nconniioded; 
they  alfo    continued  their  diirection  in  the   abdominal 
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cavity,  and  in  the  chell,  which  was  alfo  waflied  with 
the  fame,  for  a  much  longer  time  than  ufual  without  per- 
ceiving anv  degree  of  fetor.  A  mild  and  humid  flate  of 
the  air,  during  which  the  putrefaclion  of  bodies  is 
knawn  to  proceed  very  rapidly,  produced  little  effeft  fur 
the  fpace  of  eight  days,  on  the  body  fprinklcd  by  the 
acid,  whilft  in  the  fame  period  other  bodies  had  ac- 
quited  the  higheft  degree  of  putrefaction.  The  mufcles, 
the  nerves,  the  vofcular  membranes,  and  all  the  other 
parts  continued  firm  and  without  aheration. 

This  chemift  therefore  advifes,  that  in  bodies  for  dif- 
fedlion,  the  parts  fliould  he  fprinklcd  as  they  are  laid 
open.  This  method,  which  will  preferve  bodies  for 
more  than  fix  weeks,  taking  care  to  repeat  it  from  time 
to  time,  is  eafily  praclifed,  as  a  fponge  dipped  in  the 
acid  is  {lightly  rubbed  over  the  parts,  taking  care  to  avoid 
the  vapour  by  turning  the  head  afide. 

He  likewife  advifes  the  ufe  of  this  acid  for  another 
purpofe  during  difleilion.  One  of  the  great  difliculties  in 
difleclingthe  foft  and  pulpy  parts,  as  the  brain,  cerebel- 
lum, medulla  oblongata,  and  fpinal  marrow,  is  the 
want  of  firmnefs  in  their  ftrufture,  and  the  confequent 
yielding  of  their  particles  to  any  impreflion.  This  foft- 
nefs  likewife  renders  ihem  very  liable  to  change  by  pu- 
trid dccompofuion,  and  they  become  oftentimes  fo  putrid 
in  a  few  hours,  as  to  make  it  impofiible  to  determine 
their  ftrufture,  although  thefe  parts,  to  be  well  under- 
ilood,  require  a  long  and  attentive  examination.  It  has 
been  propofed  to  heat  them  a  little  above  45^^  of  Reaumur, 
to  give  them  a  firmer  confidence,  and  although. ilie  al- 
buminous matter  which  forms  their  balls  is  fufceptible  of' 
this  dcnfity  fron:  the  imprcflion  of  heat,  it  is  not  fufFr-  ; 
cient  for  the  analomifl,  as  the  foft  fibres  of  thefc  organs 
are  comprcfl'cd  together,  and  become  lefs  apparent  after. 
the  operation.     Fourcroy,  therefore,  thinks  he  has  dif- 
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covered  a  more  advantageous  method.  Having  ob- 
ferved  that  all  animal  fabliances,  efpecially  the  fkin, 
membranes,  &c.  become  firm  and  compa6l  after  mace- 
ration for  fomc  hours  in  liquid  oxygenated  muriatic  acid, 
and  that  their  fibres  were  made  to  approach  each  other 
in  a  remarkable  manner  ;  he  fteeped  a  human  brain  for 
eight  hours  in  this  liquid,  and  afterward  plunged  it  once 
or  twice  in  frefii  water  to  wafli  oft'  the  acid,  and  found  it's 
fubflance  became  firm,  was  readily  cut,  and  it's  tilTue 
not  diforganized  by  gentle  preffLire,  as  is  generally  the 
cafe  with  this  organ.  It  alfo  prcferved  it's  whitenefs  and 
confiftence  for  more  than  eight  days,  and  did  not  become 
putrid  in  near  the  fame  time  as  in  ordinary  circura- 
ftances. 

The  utility  of  this  property  of  the  acid,  in  hardening 
and  preferving  animal  fubftances,  is  likewife  extended  to 
the  foft  and  almoft  mucous  flefh  of  moft  fiihes,  and  th^ 
glairy  fubftance  of  worms,  fnails,  &c.,  which  is  of  great 
importance  in  the  art  of  anatomy. 

Having  deferibed  the  phenomena,  and  the  circum- 
ftances  attending  aimofpheric  putrefaction,  and  the  me- 
thods of  preferving  animal  fubftances  from  it,  an  account 
of  the  decompofition  they  undergo,  on  expofure  to  other 
mediums,  may  be  a  means  of  throwing  fome  light  on 
the  revolution  the  animal  creation  goes  through  in  it's 
various  mctamorphofes. 

2.    Terraneous  putrefaSiton. 

The  phenomena  which  take  place  when  bodies  are2.  Terra= 
buried  in  the  ground  are  different  from  thofe  which-fol-  tafadlioiu 
low  on  expofure  to  the  air.  It  appears  their  deftru6fion 
varies  according  to  the  nature  of  the  foil.  Sometimes  bo- 
dies are  found  to  have  undergone  a  total  decompofition 
after  a  very  fhort  interval,  and  at  olher  times,  as  is  the 
cafe  with  mummies,  centuries  are  neceflary  entirely  to 
deflroy  them.     It  is  eafy  to  conceive,  according  to  Four- 
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croj',  that  if  the  earth    be  very  porous  and  movable,  if 
the  animal  matter  be  buried  at  a  fniali  depth^  the  air,  and 
efpecially  the  water,  whieh  can  have  no  difficult  accefs 
to  it,  will  facilitate  it's  dccompofition,  whilft  in  oppofite 
circumftances  it  muft  be  much  flower  ;  thus,  for  exam- 
ple, if  the  earth  be  dry,  it  will  abforb  the  aqueous  part 
of  the  bodie?,  exficcate  and  convert  them  into  mummies, 
as  is  the  cafe  in  Egypt,  where  a  fandy  foil  expofed  lo  a 
burnins;  fun  q;ives  them   a   hardnefs  that  defends  them 
from  deftru6lion  for  ages.     On  the  contrary,  if  the  bo- 
dies be  buried  in  argillaceous  earth,  which   retains    the 
water,    the  deftru6lion  is   accelerated.     In   thofe    cafes 
where  the  dccompofition  takes  place  more  orlefs  flowly, 
the  fluids  and  the  folids  become  at  lafl:  reduced  almofl:  to 
azot,  carbonic  acid,  fhydrogen,  and  alkaline  gafes.     All 
thefe  elaftic  fluids  being  filtered  through  the  earth,  efcape 
and  experience  other  viciflitudes;  but  as  the  fpontaneous 
dccompofition  of  animal  matters,  efpecially  when  buried 
in  large  mafies   in   the  earth,  aflbrds   fome   curious  and 
fingular  refults,    it  will  be  necefl!arv  to  give  a  more  detail- 
ed account  of  them,  fuch  as  they  have  been  colle£led  by 
Fourcroy,  in  a  memoir  written  on  the  bodies  found  in 
the  churchyard  of  the  Innocents  at  Paris. 
Bodies  in         It  appears  that  the  earth  of  this  churchyard  had  been 
cents  at'     furcharged  for  many  ages  with   bodies  delivered  up  to 
Paris.  putrefaction  in  large  mafl'es,  which  in  confequence  might 

be  fuppofed  to  have  a  difit'rent  efl"c6l  from  that  of  other 
cemeteries,  where  each  body  has  it's  peculiar  lot  of 
ground,  and  where  nature  is  able  to  feparate  it's  elements 
with  facility  and  promptitude.  The  calculations  of  fome 
philofophers  had  indeed  extended  the  total  deftruftionof 
a  body  to  about  fix  years,  from  the  obfervations  made 
upon  common  burying  places;  but  thefe  could  not  be 
applicable  to  the  cemetery  of  a  large  city  like  Paris,  in 
which  many  fucceflTive  generations  of  it's  inhabitants  had 
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been  buried  for  move-  than  three  ages  ;  for  nothing  indi- 
cated that  the  entire  decompofnion  of  a  body  might  be 
prolonged  beyond  ^orty  years,  nor  could  it  Ue  fufpe£ted 
what  a  lingular  ditfercnce  nature  was  able  to  prefent  in 
the  deftru6lion  of  bodies  buried  in  large  quantity,  and  of 
thofe  only  ifolaled  in  the  earth  ;  nor  could  it  be  known 
what  might  be  the  etfedis  of  an  earth  many  yards  deep, 
the  flratum  of  which  was  mcelfantly  e\pofed  to  putrid 
emanations,  and  faturated  with  animal  effluvia,  upon  new 
bodies  placed  in  it ;  thefe,  however,  have  been  difcovercd 
by  Fourcrov,  forming  an  miportant  addition  to^  the  hif- 
tory  of  animal  decompofition  or  putrefacHion. 

The  remains  of  the  bodies  buried  in  this  churchyard  Found  in 
were  found   m  three  different  ftatcs,  which  appeared  to  entftatcg. 
depend  on    the  time  thev   had  been  inhumed,  the  places 
they  occupied,  and    their  difpofition   relatively  to    each 
other. 

1 .  The  oldeft  only  offered  to  obfervation  a  few  portions 
of  fcattercd  bones  placed  irregularly  in  the  foil  from  hav- 
ing been  often  difturbed  to  give  place  to  others,  and  in  ' 
which  nothino;  appeared  except  their  diff.  rence  from 
other  human  bones  that  had  not  been  in  the  earth,  and  it 
was  with  refpe6l  to  the  foft  parts  including  the  teguments 
that  the  two  following  differences  were  obfervable. 

2.  Of  the  ifolated  bodies,  the  fkin,  mufcles,  tendons, 
and  the  aponeurofis,  were  dried,  brittle,  hard,  of  a  more 
or  lefs  gray  colour,  and  refembled  the  mummies  in  the 
catacoinbs  at  Rome,  or  in  the  cellar  of  the  Cordeliers  at 
Touloufe. 

3.  The  third,  and  mod:  curious  ftate,  was  found  to 
exift  in  the  loft  parts  of  tht^  bodies  that  were  accumu- 
lated in  the  common  pits.  Thefe  pits  were  above  thirty 
feet  in  depth,  twenty  broad,  and  of  the  fiime  width  ;  they 
were  dug  in  the  cemetery  for  the  reception  of  the  bodies  of 
the  poor,  which  were  placed  in  clofe  ranks,  in  co'ffins. 
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(o  Ihat  the  whole  pit  was  a  mafs  of  bodies  feparatcd  only 
by  the  thin  fides  c  f  iho  coffin,  and  each  pit  contained 
from  1000  to  1500  bodies.  Three  years  were  neccffary 
to  fill  one  of  them,  and  they  were  opened  again  to  re- 
ceive other  bodi(?s  not  fooner  than  fifteen  years,  nor  later 
than  thirty  years.  The  gravediggers  had,  however, 
been  taught  by  experience,  that  this  period  wasinfufficient 
for  the  total  decompofition  of  the  body,  vvhilft  the  alte- 
ration it  underwent  during  the  time  v.as  well  known  to 
them.  This  change  likewife  ftruck  the  obfcrvation  of 
Fcurcroy,  in  the  very  firll  pit  he  was  prefent  at  when 
opened.  It  had  been  filled  and  clofed  about  fifteen  years. 
The  fides  of  the  coffins  were  found,  and  tinged  of  a  yellow 
colour.  On  taking  off  the  lids,  the  bodies  appeared  flat 
as  if  they  had  been  prefled,  and  when  the  fiirowd  was 
removed,  the  matter  that  furroundcd  the  bones  was  in 
irregular  maflfes  of  a  foft  du£lile  confifi:ence,,  and  grayifh 
colour.  On  preffing  this  matter  with  the  finger,  it  gave 
way  and  broke.  It  refcmblcd  in  appearance  common 
/  white   cheefe,  and  the   print  of  the  linen  left  upon  it's 

furface  heightened  the  refemblance.  On  rubbing;  this 
fubftance,  it  became  foft.  The  gravediggers  were  accuf- 
Thcirctui-  tomcd  to  Call  hfaf,  from  it's  great  fimilarity  to  that  fub- 
fion  into  a'  fiance,  but  they  only  found  it  in  bodies  buried  in  mafs, 
lit  matter,  and  never  in  the  ifolated  ones.  There  was  no  infedlious 
or  very  difagrceable  odour  perceived.  This  chemifi:  exa- 
mined many  bodies  of  this  kind,  but  all  were  not  equally 
far  advanced  in  this  fingular  convcrfion,  fomc  of  them 
had  fiill  portions  of  mufcles  remaining  amongft  thcfc 
white  fat  mafies,  which  were  recognized  by  their  more 
prlefs  red  colour  and  fibrous  texture.  In  the  bodies  to- 
tally converted,  there  was  no  vcftige  of  either  (kin,  mem- 
brane, mufcle,  tendon,  veflcl,  or  nerve;  the  grajifh 
white  mafs  that  covered  all  the  bones  appearing  like  cel- 
lular membrane,  which,  according  to  this  chemifi:^  niight 
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induce  an  opinion  of  the  mucous  part  being  the  real  bafis 
of  this  fingular  matter.  On  examining  further,  it  was 
found  that  all  the  vifcera  were  likewife  fo  changed  as  to 
leave  fcarcely  any  trace  of  them  j  the  abdominal  cavity  no 
longer  exifted,  and  it  was  in  vain  to  feek  in  the  greater 
number  of  bodies  either  for  the  fituation  or  fubflance  of 
the  ftomach,  inteftines,  bladder,  liver,  kidneys,  or  womb; 
all  were,  to  ufe  the  e.^preffion,  melted  down  into  this 
fatty  matter.  It  was  the  fame  with  the  cavity  of  the  tho- 
rax, it  no  longer  exifted.  It's  vifcera  were  often  entirely 
changed,  and  the  greater  part  had  difapppeared,  nothing 
'  remaining  but  fome  lumps  of  this  white  fat.  He  found 
this  matter,  which  is  the  produ6l  of  the  decompofuion  of 
the  vifcera  charged  with  blood  and  different  humours,  to 
differ  from  that  on  the  external  part  of  the  body  and 
bones,  by  being  always  of  a  more  or  lefs  red  or  brown 
colour,  and  that  the  fat  parts  afford  a  much  greater  quan- 
tity than  the  others. 

The  face,  in  general,  was  no  longer  to  be  recognized; 
the  mouth  was  dlforganized,  and  without  tongue  or  pa- 
late; the  cartilages  even  of  the  nofe  partook  likewife  of 
the  general  alteration  ;  the  orbits,  the  ears,  were  equally 
changed.  The  fkln,  however,  retained  the  hair,  which 
appears  to  fubfift  the  longed,  and  make  the  greateft  re- 
iiflience  to  every  change,  whilft  the  brain  was  always 
prefent,  but  converted  like  the  other  organs. 

With  refpeft  to  the  modifications  of  this  fubflance, 
it's  confiflence  was  not  always  the  fame  ;  in  bodies  the 
latefl  changed,  /'.  e  from  three  to  fiv  j  vears,  it  was  foft 
and  very  du£lile;  very  light,  and  contained  a  large  por- 
tion of  water ;  in  thofe  which  had  been  changed  from 
thirty  to  forty  years,  it  was  more  dry  and  brittle,  it's 
foliated  texture  was  much  denfer;  and  in  fome  bodies 
where  the  foil  was  dry,  portions  of  it  were  become  femi- 
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tranfparcnt,  and  ii'safped,  texture,  and  brlttlenefs,  very 
'  wdl  imitated  wax. 

The  epoch  of  it's  formation  has  likewife  a  great  influ- 
ence on  the  nature  of  this  fubftance  ;  all  that  had  been 
formed  a  long  time  was  in  general  v/hitc,  homogeneous, 
without  any  appearance  of  fibrous  or  foreign  matter,  and 
this  was  more  particularly  tlie  crife  with  the  fkin  of  the 
extremities.  On  the  contrary,  in  bodies  recently  con- 
verted, it  was  not  lb  pure  ;  there  were  fome  portions  ot 
the  mufcular,  tendinous,  i  r  ligamentous  parts,  the  tex- 
ture of  which,  though  they  were  altered  in  colour,  was 
ftill  to  be  recognized  ;  but  the'e  were  more  or  Icfs  pene- 
trated with  fat  matter,  to  be  feen  between  the  interftices 
of  the  fibres.  Hence  not  only  the  fat  parts,  but  the 
other  parts  are  reallv  converted  into  the  fame  fubftance, 
although  the  firft  undergo  the  change  much  more  eafily 
and  quickly. 
Twovaiie-  From  the  obfervations  of  Fourcroy,  it  appears,  there- 
fore, that  amongft  the  modifications  refpefting  the  ftate 
of  bodies  converted  into  fat,  two  varieties  may  be  diftin- 
guiflicd  ;  the  one  dry,  friable,  and  brittle  ;  the  other 
foft,  and  duftile  ;  to  which  may  be  added,  that  the  firfl, 
which  is  oftener  found  in  bodies  placed  near  the  furface, 
not  only  differed  from  the  other  .by  the  water  it  had  loft, 
but  it  had  undergone  a  new  change,  and  it  had  loft  one 
of  it's  principles  by  volatility,  fo  as  no  longer  to  be  of  the 
fame  nature  as  the  other,  as  will  appear. 

This  fat  matter,  in  fome  of  the  bodies,  was  very  beau- 
tiful, it's  furface  brilliant,  and  of  the  colour  of  gold  and 
filver,  and  appeared  covered  over  with  a  flight  ftratum  of 
mica,  whilft  fome  points  wtre  of  a  red,  orange,  and  car- 
nation colour,  and  of  extreme  brilliancy,  more  particu- 
larly near  the  bones,  which  were  themfelves  penetrated 
with  it. 


ties  of  it. 
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From  the  account  of  the  fexton,   it  feems  nearly  three  P'rogrefs  of 

„  .  ,       ,  ,  J  •        1      decompofi- 

years  are  neceliary  tor  a  body  to  become  changed  m  the  ,ion  in  ifo- 
earth,  and  the  fucceffive  alterations  they  undergo  before  |,;'j,'Jj|^'^tt. 
they  arrive  at  the  ftate  already  mentioned^  are  the  follow-  edtit>dies. 
ino- :  the  inhumed  bodies  appear  not  to  be  fenfibly 
changed  in  colour  before  feven  or  eight  days^  and  this  al-< 
teration  firfl:  takes  place  in  the  lower  belly,  as  is  the  cafe 
with  thofe  bodies  not  inhumed.  The  belly  fwells,  and 
appears  to  be  diftended  by  the  elaflic  fluids  difengaged 
from  the  incipient  decompolition,  and  this  follows  more 
or  lefs  early,  according  as  the  belly  is  more  or  lefs  large 
and  filled  with  fluids,  the  depth  it  is  buried,  and  more 
particularly,  according  to  the  more  or  lefs  warm  tempe- 
rature of  the  air.  Hence,  if  all  the  circumftances  fa- 
vourable to  this  firft  de2;ree  of  putrid  decompofition  be 
united,  a  very  fat  body,  the  abdomen  of  which  is  expof- 
ed  to  moifture  by  being  buried  near  the  furface,  and  the 
feafon  warm,  will  become  fwelled  in  three  or  four  days, 
whilft  a  meagre  body,  deeply  inhumed,  and  in  a  cold 
feafon,  will  remain  feveral  weeks  unchanged.  It  is  a  fa£h 
worthy  of  obfervation,  that  the  flate  of  the  atmofphere 
during  a  fl:orm  has  great  influence  in  producing  this  fwel- 
ling,  and  the  exprefllion  of  the  gravedigger  is  that  the 
be'ly  bloats  at  the  approach  of  fl:orms;  this  diflention  in- 
creafes  until  the  parts  are  fo  extended  and  relaxed  by  pu- 
trefaction, as  to  burft  with  a  fort  of  explofion,  which 
happens  near  the  umbilicus,  and  fometimes  around  the 
navel  ;  from  this  wound  runs  a  fanious,  brownifli  fluid, 
of  a  very  fetid  odour,  and  at  the  fame  time  a  very  me- 
phitic  elaftic  fluid  is  difengaged,  the  dangerous  efie£ls  of 
which  the  gravedio;gers  have'  learned  to  dr&ad  from  ex- 
perience. .Multiplied  experience  likewife,  which  tradition 
has  confirmed,  has  inftrufted  them,  that  it  is  only  at  this 
period  the  miafniata  difengaged  from  putrid  bodies  have 
any  efleil,  from  which  real  danger  is  to  he  expeded.  We  The  danger 
are  informed  by  this  able  chemifl,  tljat  lo  flrong  is  this  uiom. 
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gas,  that  it  fcveral  times  happened  when  the  pickaxe 
has  accidentally  ftruck  upon  the  lower  belly,  an  clafiic 
fluid  cfcapcd,  from  which  the  perfon  cm]jloyed  was  fud- 
denly  Itruek  down  in  afphixy,  and  hence  arifes  the  dan- 
gers of  tha  fexton;  but  for  a  further  account  of  this  nii- 
afma,  vide  ariicle  Miapnata. 

The  diliention  and  rupture  of  the  lower  belly  equally 
takes  placQ  in  bodies  heaped  together  as  in  the  pits,  and 
thofe  that  are  ifolated ;  but  the  changes  which  fucceed 
this  firft  period  of  fpontaneous  dccompofition  are,  as  has 
been  already  mentioned,  very  different  in  each. 

The  ifolated  bodies  being  furrounded  with  a  large 
quantity  of  moift  earth  are  entirely  deftroyed,  and  pro- 
vented  therefore  from  undergoing  all  the  fucceflive  degrees 
of  common  putrefaftion  ;  this  deftru6lion  is  the  more 
quick,  the  more  humid  the  body  is,  and  according  as  the 
heat  or  coldnefs  of  the  feafon  is  accompanied  with  humi- 
dity. If,  on  the  other  hand,  the  ifolated  bodies  are  dry, 
or  emaciated  ',  if  the  earth  in  which  they  are  placed  is 
acid  and  void  of  humidity;  if  .the  atmofphere  is  dry,  or 
if  the  rays  of  the  fun  falling  on  the  furface  favours  and 
accelerates  the  evaporation  ;  all  thefe  circumftances  uni- 
ted exficcate  the  bodies  by  abforbing  or  volatilizing  the 
aqueous  parts,  and  by  contrafting  the  folids,  fo  as  to 
give  rife  to  thofe  fpecics  of  mummies  before  mentioned. 

In  the  pits,  every  thing  is  different,  the  great  mafs  of 
bodies  heaped  iipon  each  other,  and  at  a  great  depth, 
arc  not  as  the  ifolated  ones  are,  expofed  to  the  influence 
of  external  agents,  or  if  at  all,  in  a  very  inferiour  degree  j 
hence  the  changes  they  arc  fubje6l  to  depend  on  their 
own  fubftance. 

When  the  rupture  of  the  lower  belly  has  taken  place, 
the  abdon)inal  putrefa6Vion  that  caufed  it  appears  to  have 
already  diforganized  the  vifccra  of  this  cavity,  the  flo- 
mach  and  intcliines  no  longer  form   a  continued  mcm<. 
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bratioiis  tube.  Broken  in  many  parts,  and  already  dif- 
folvcd  into  a  putrid  fanies,  this  procefs  becomes  more  ra- 
];-!d  and  totally  dcftroys  the  texture;  the  parenchyma  of 
the  liver,  however,  from  it's  folidity  perhaps,  fcems  to  re- 
fift  this  feptic  menftruum,  the  putrcfa6lion  ddes  not  ad- 
vance to  a  complete  deftrudion  from  the  deficiency  of 
humiditv,  and  fuch  undoubtedly  is  the  caufe  of  thofe 
fragments  of  fat  that  are  found  inftead  of  all  the  abdo- 
minal vifcera. 

The  putrefa£lion  excited  in  the  abdomen  foon  commu- 
nicates with  the  thorax  by  diflblving  the  fibres  of  the 
diaphragm  ;  hence  the  more  or  lefs  complete  deftru6lion 
of  the  velfels,  membranes,  and  all  the  foft  parts  of  this 
cavity,  ^very  thing  announcing  that  it's  diforganization 
goes  on  at  the  fame  time  as  the  abdomen's,  or  atleaftvery 
foon  after  ;  hence  in  this  part  only  a  few  irregular  maifes 
of  fat  remain.  The  fame  diforganization  takes  place 
with  more  or  lefs  energy  in  all  the  mufcular,  tendinous, 
and  ligamentous  parts  that  furround  the  bones,  according 
to  their  foftnefs  and  the  quantity  of  their  aqueous  parts; 
the  converfion  into  this  fat  fubftance  fucceffively  perrades 
every  part ;  every  thing  that  is  membranous  and  more 
or  lefs  mucous  is  deflroyed  and  difappears,  and  there 
is  no  longer  any  trace  of  velfels,  nerves,  or  aponeu- 
rofis  in  thofe  mafles  of  fat  that  cover  the  bones  of  the 
extremities;    all  are  converted  into  this  fubftance. 

Fourcroy,  on  examining,  the  other  cemeteries,  found 
that  the  fame  alteration  took  place  in  the  inhumed  bodies 
as  in  that  of  the  Innocents;  hence  the  formation  of  this 
curious  fubftance  does  not  belong  exclufively  to  the  foil, 
but  takes  place  perhaps  univerfally  where  bodies  are  buried 
in  large  maft'es  by  the  fide  of  each  other,  and  where,  be- 
ing lefs  expofed  to  the  aftion  of  thofe  agents  tliat  operate 
in  common  external  putrefadtion,  are  only  expofed  to  the 
reaction  of  their  own  component  parts  on  each  other. 

VOL.  HI.  s 
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To  this  may  be  added,  that  this  chemld  likewlfe  found, 
on  vifiting  a  great  number  of  burial  places  in  Paris,  that 
the  change  of  bodies  into  mummies  bv  exficeation  was 
much  more  common  in  a  great  number  of  foils  than  is 
generally  fuppofed. 
Tlie  con-         The  bodics  converted  into  this  fubftance  in  thofe  pits 

vcrfion  i'lto     ,,,-,,     i  r  i 

ftt  anefts  that  havc  been  rilled  up  tor  40  years,  prove,  that  once  ar- 
laaive"  re- 1*^^'^^  at  that  flatc  they  are  capable  of  being  preferved  a 
cefs.  Jong   time   without  being  fubjcft    to  intire  de{lru«?kion, 

whilft  nature  at  the  fame  time,  who  (pares  nothing,  muft 
certainly  be  in  polTeffion  of  fome  means  of  decompofing 
this  new  fubftance,  and  of  reducinjx  it  again  to  it's  ele- 
ments.  What  became  of  it  when  formed,  this  celebrated 
chemift  was  defirous  of  finding  out,  but  the  moft  experi- 
enced and  oldeft  grave  diggers  were  not  able  to  afford  him 
the  lead  fatisfa6tion  on  this  intercfting  point.  Some 
/a6l:s  however,  appear  to  authorize  a  belief  of  his  having 
difcovcred  one  of  the  proceffes  by  which  it  is  detached 
from  the  bones,  and  decompofed. 
Ii's  final  j,^  fome  of  the  coffins  that  had  been  deranged  from  their 

tion.  horizontal  to  an  oblique  pofition  from  part  of  the  earth 

having  given  way,  the  inferiour  portion  of  the  bodv  was 
found  reduced  to  the  ftate  of  a  flceleton,  whiKl  the  fupe- 
riour  part  flill  preferved  it's  maflcs  of  fat  :  hence  a  men- 
ftrual  caufe  was  looked  for  that  had  atled  on  the  lower 
wit'iout  touching  the  upper  part. 

On  examination,  this  chemill  found  in  the  inferiour 
part  of  the  cofBns  a  brown  and  fceiid  fluid,  the  earth 
about  them  was  likcwife  moitt  and  penetrated  with  the 
fame  matter  as  the  water  in  the  coffins  ;  thefe  were  only 
to  be  found,  however,  at  the  bottom  of  the  pits,  and  in 
general  the  fat  of  all  the  bodics  that  occupied  this  region 
was  the  fofteft,  the  moft  changed,  and  the  leaft  in  quan- 
tity. Thefe  phenomena  indicated  to  him  the  a6lion  of 
rain  water  which  had  filtered  iifclf  through  the  earth. 


il 
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was  collecled  at  the  bottom  of  the  pits,  where  it  bathed 
that  part  of  the  bodies  within  it's  reach,  and  was  im- 
bibed by  the  fiit  matter.  This  account  was  corroborated 
by  the  gravediggers,  who  obferved,  that  after  long  and 
heavy  rains  the  foil  at  the  top  of  the  pits  is  apt  to  (ink 
for  fome  inches.  This  proves  the  reafon  of  the  diminution 
in  themafs  of  bodies,  the  fat  or  foluble  part  of  which  is  by 
degrees  taken  up  by  the  water,  and  diftributed  in  more 
minute  particles  to  the  furrounding  earth,  and  in  which 
this  chemift  found  the  elements  of  this  peculiar  fub- 
ftance.  Such  is  the  progreffive  fucceflion  of  the  natural 
phenomena  obferved  by  Fourcroy  in  the  changes  bodies 
undergo  in  the  earth;  but  he  very  properly  adds,  it  is 
only  an  imperfe6l  fketch  of  a  great  picture,  to  which  fu- 
ture chemifts  muft  add  the  fmifhing  touches. 

To  render  it  more  perfeft,  and  to  know  and  defcrlbe, 
in  all  it's  flages,  the  flow  and  gradual  decompofition  of 
dead  bodies  inhumed  in  the  bofom  of  the  earth,  is  a  la- 
mentable talk ;  it  is  to  be  indefatigable  for  an  age  in  the 
mofl  forrowful  inveftigations,  and  to  live  amongft  tombs, 
and  breathe  the  noifome  effluvia  arifing  from  them. 

From  the    experiments  which  Fourcroy  made  on  this  Expf-ri- 
fat  matter,  it  appears  that  it  is  an  ammoniacal  foap  formed  |^bferva^i"9s 
of  z  peculiar  concrejcible  dil,  united  in  different  proportions  on  the  fat. 
with  ammonia;  and  that  this  foap  likewife  contains  fmall 
quantities  of  the  phofphats  of  ammonia  and  lime,  which, 
however,  do  not  enter  the  faponaceous  combination,  but 
are  only  interpofed  between  it's  particles  ;   their  quantity 
likewife  varies  in  a  fingular  manner. 

With  refpeft  to  the  proportion  of  ammonia,  it  is  al- 
mofl.  impoffible  to  afcertain  how  much  the  fat  contains. 
It's  proportion  varies  according  to  the  time  it  has  been 
taken  out  of  the  earth,  as  was  proved  by  it's  flow  de- 
compofition vt'hen  expofed  to  the  air,  for  the  ammonia 
not  being  very  adherent,  an  external  heat  above   15°  is 
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fufficient  In  time  to  efl'cft  it's  feparailon  ;  the  proportion 
likcwifc  probably  varies  at  the  period  of  it's  formation  in 
each  boclv,  which  depends  in  particular  on  the  nature  of 
the   body  itfelf.     This  matter  therefore  is  not  to  be   re- 
garded   as  always   identic,    and  as  contaiiiing  the  fame 
principles  in  the  fame    proportion.     The   flate  of  each 
bodv,  the  epoch  of  it's  burial,  the   fituation,   the  height 
it  occupies  in  tiie  pit,  the  number  of  bodies,  the  difpo- 
fition,    the  greater  or  Icfs   quantity  of    them,   muft  have 
great  cii'ctt  on  the  ditfcrencc  in  the  (juanlities  of  the  com- 
ponent parts  of  this  foap.     Likcwife  when  it  is  expofed  to 
the  air  on  being  taken    from  the  pits,    the  proportion  of 
it's  principles  will  vary  according  to  the  place  it  is  expofed 
in,  the  fizc  of  the  pieces,  and  the   temperature  and  dry- 
nefs  of  the  air.     But  the  mod  efi'ential  point  to  know,  is, 
that  this  foap  continually  tends  to  decompofition,  that 
the  ammonia  is  by  degrees  difengaged,    and   that  at  laft 
the    febaccous  matter  which  makes  the  bafis  of  it  is  left 
intirely  naked  and  in  the  form  of  a  yellowifli  oily  concre- 
tion,  femitranfparent,  dry,    brittle,   and  granular  in  it's 
fracture. 

This  fat  is  diffolved  neither  ,by  cold  nor  boiling  water, 
but  it  abforbs  it  with  fuch  a6livily,  and  adheres  to  it  in 
fuch  a  manner,  that  it  retains  a  great  quantity  which  fin- 
gularly  augments  it's  volume.  This  adherence  renders 
the  water  thick  and  yifcous,  and  prevents  it  from  pafTing 
through  the  pores  of  the  filtering  paper.  On  the  addi- 
tion of  fulphuric  acid,  Fourcroy  found,  that  a  gas,  or 
rather  an  odorous  cfHuvium  was  extricated,  of  an  infupport- 
able  fcetidity  ;  it  was  very  fixed,  and  infe6led  the  labora- 
tory for  feveral  davs  afterwards,  although  the  windows 
were  often  kept  open.  This  gas,  therefore,  is  very  diffe- 
rent from  that  of  common  fat.  By  the  nitric  acid  azot 
gas  was  only  extricated,  when  the  fat  contained  the  re- 
mains of  fibres;  when  pure  it  affords  carbonic  acid  gas. 
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Thisoil,  or  concrete  oily  matter,  ap}">cars  to  be  different  I' anew 

...  .  produifti'JB. 

from  all  others  hitherto  difcovcred,  and  is  a  new  produ6t 
arifing  from  the  decompofition  of  bodies  under  certain 
circumftances,  which  had  efcaped  the  attention  of 
chemifls.     For  a  particular  account  of  it  vide  animal  oils, _ 

A  fimilar  decompofition  appears  to  ha"e  taken  place  in  A  fimiiar 
a  liver,  which  although  it  had  been  expofed  to  the  exter-  in  I  human 
nal  air,  feems,  by  having  become  cxficcated,  to  have  ef-  ''^'^'''• 
caped  the  total  decompofition  which  is  the  confequence 
of  fuch  expofure.  In  the  beginning  of  the  vear  178S  a 
piece  of  humaii  liver  was  examined  by  Fourcroy,  which 
he  received  from  Poulletier  de  la  Salle;  this  liver  had 
been  expofed  for  more  than  ten  years  to  the  open  air  fuf- 
pended  by  a  packthread  ftring.  It  had  at  firft  given  out 
a  difagreeable  putrid  odour,  had. been  in  part  dedroyed  by 
the  larvee  of  feveral  infecSls,  but  without  being  totally  dif- 
folved  by  putrcfa<rtion,  was  become  reduced  by  dea:rees  to 
a  gray  friable  matter,  and  for  three  or  four  years  appeared 
not  to  have  undergone  any  new  alteration.  From  the 
firfl  afpetSl  of  this  piece  of  liver  it  might  have  been  mif- 
taken  for  an  earthy  fubftance,  analogous  to  that  called 
mineral  agaric;  on  a  clofer  examination  however,  fome 
portions  of  dried  membranes  of  a  brovv^n  colour  were  very 
evident,  together  with  fome  vafcular  parts  equally  dried. 
When  rubbed  between  the  fingers  it  was  greafy  and  foft 
to  the  touch,  refembling  foap.  From  the  experiments 
this  chemift  made  upon  it,  although  he  was  limited  as  to 
the  quantity,  it  appears  to  be  analogous  to  what  he  found 
in  the  remains  of  the  bodies  above  mentioned,  inhumed 
in  the  cemetery  at  Paris,  or  in  other  words,  that  it  was  a 
concrete  oil  refembling  fpermaceti. 

ift.  A  fmall  portion  of  it  placed  on  a  hot  coal  at  firft 
became  foft,  and  exhaled  an  odour  fimilar  to  burnt  fat; 
it  then  melted;  fwelled,  and  beca:ne  black  ;  on  incinera' 

S  3 
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tion,  the  light  carbonaceous  matter  was  converted  into  a 
white  afli. 

2d.  On  diftillaiion,  half  an  ounce  afforded  a  few  drops 
of  a  white  aqueous  infipid  fluid,  which  was  foon  luc- 
ceeded  by  a  thicker  fluid,  and  an  oily  white  fmoke,  which 
was  condenfed  in  the  neck  of  the  retort  into  a  white  con- 
crete matter;  afterwards  a  very  putrid  difagreeablc  odour 
was  perceived,  the  concrete  oil  became  of  a  ruil  colour; 
carbonated  hydrogenous  gas  was  obtained.  A  great 
part  of  the  liver  had  pafl'ed  without  decompofition.  The 
concrete  oil  in  the  neck  of  the  retort  had  a  lamellated  and 
cryfl,alline  appearance.  The  produ6ls  fliowed  no  flgns  of 
either  an  acid  or  an  alkali. 

3d.  Two  ounces  of  hot  water  diflolved  a  little  out  of 
one  drachm.  The  folution  was  white  and  opake,  had  a 
fljght  foapy  odour,  and  fenfibly  changed  the  fyrup  of  vi- 
olets green ;  the  undiflTolved  portion  melted  by  heat, 
cryftallizcd  on  cooling,  had  a  fat  odour,  and  inflamed; 
this  flight  folubility  ihovved  it  con(ifl:ed  of  an  oily  con- 
crcfcible  matter. 

4th.  A  drachm  of  it  triturated  with  half  an  ounce  of 
the  cauftic  lye  of  potafli  produced  a  flight  odour  of  am- 
monia;  boiled  for  half  an  hour  and  fdtered,  the  folution, 
on  cooling,  became  concrete,  of  a  brown  colour,  and  dif- 
folved  in  every  proportion  in  boiling  dinillcd  water,  leav- 
ing no  reliduum.  It  appeared  that  the  whole  of  Ihe  livej. 
iiad  been  diflx>!ved  by  the  alkali,  even  it's  membranous 
and  fibrous  parts.  This  folution  in  water  frothed  very 
ftrongly  on  agitation,  and  on  cooling  depofited  fome  white 
light  flakes.  Limewater,  acid,  and  earthy  neutral  falls 
precipitated  them  more  abundantly.  Hence  the  alkali 
had  diffolved  a  fat  oily  matter^  and  formed  with  it  an  ho- 
mogeneous foap. 

5th.  Two  ounces  of  alcohol  with  one  drachin  of  the 
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levigated  liver  expofed  to  a  gentle  heat  diffolved  about 
half  of  it,  and  the  refidunm  treated  twice  more  with  al- 
cohol, there  only  remained  20  grains  undiifolved,  formed 
of  membranes  and  veflels  that  had  efcaped  the  action  of 
the  alcohol.  On  the  addition  of  water,  a  fubftance  was 
precipitated  in  the  form  of  white  Hakes,  which  was  a 
concrete  oil  refembling  fpermaceti,  for  which  vidf  animal 
o'ih, 

Cth.  The  oil  cxprefied  from  the  liver  after  expofurc  to 
a  heat  of  68"  of  Reaumur,  in  water,  and  rendered  con- 
crete by  cold,  had  nearly  all  the  properties  of  that  dif- 
folved in  alcohol,  except,  firft,  it  had  more  colour,  and 
was  more  fetid.  Second,  it  contained  a  portion  of  foap, 
which  the  water  had  feparated  from  the  alcoholic  folution 
in  the  firftinftance. 

7th.  The  portion  of  foapy  matter  regarded  as  an  ex- 
tra6l  in  the  firft  experiment,  excited  the  attention  of  this 
chemlft.  It  was  certain  that  water  as  well  as  alcohol  ex- 
tracted it  from  the  dried  liver;  but  there  was  too  little  of  ~ 
the  liver  left  to  make  any  experiments  upon  to  find  out 
the  nature  of  this  foap.  It  appeared  tc  be  formed  of  the 
fame  coucrercible  oil  as  that  extra(5led  by  expreffion,  &c. 
It  was  even  conje6lured  by  this  chemifl:,  that  before  the 
complete  alteration  of  the  liver,  and  it's  total  convcrfion 
into  a  concrete  oily  fubftance,  this  oil  was  at  firft  in  a 
foapy  ftate  intirely  imitcd  to  foda  and  ammonia,  fince  it 
appeared  that  the  portion  of  ammoniacal  foap  ftill  re- 
maining in  this  piece  of  liver  proved,  by  the  ammoni- 
acal odour  difengaged  by  quicklime,  and  it's  infolubility 
in  water,  to  be  more  abundant  in  that  portion  of  the 
liver  that  was  deeper  and  lefs  expoftfl  to  the  air  than  that 
examined.  Such  are  the  experiments  he  made  on  this 
fubilance. 

Hence  it  appears,  that  this  concrete  oily  matter  found 
in  the  bodies  in  the  churchyard  at  Parisj  and  in  the  hu- 
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man  liver,  is  the  conllant  produtSl  of  a  fiow  dccompofi- 
tion,  of  a  long  putrcfaftion.      ^ 
Kram  imi-       Another  inflance  of  a  finiilar  converfion,  and  inconfe- 

lai  ly  con-  ' 

verted.  qucncc  thc  long  prefervation  of  a  certain  organ  of  the 
body,  is  the  brain.  The  propei\fity  of  thc  brain  to  cor- 
rupt before  mod  other  parts  of  the  bodv  is  \\  ell  known 
to  diflTeitors,  and  yet  under  certain  circurnftanccs,  it  is 
the  lall  vifcus  deft'roycd  by  putrefaction  ;  and  this  lingu- 
lar facultv  of  rcfiftinj?-  deftru6lion  has  been  lonff  ago  ob- 
ferved.  Fabricius  de  Hilden  relates,  after  George  Faber, 
an  example  of  this  kind  ;  the  body  had  been  buried  .50 
years,  but  the  brain,  he  informs  ns,  had  undergone  no 
fenfible  alteration  ;  it  was  white,  ran  like  an  oily  matter, 
vet  exhaled  no  noifome  iniell.  According  to  Theo- 
philus  Raynaud,  a  brain  was  found  at  Avignon  equally 
foft  and  of  the  fame  nature,  whilfl  the  bodv  had  been 
buried  a  great  number  of  years.  Peter  Borell  gives  an 
account  of  the  brains  of  fome  maffacred  people,  whofe 
bodies  had  been  thrown  into  the  wells  of  thc  Domini- 
cans, at  Ceftres,  that  after  80  years  were  ftill  foft  and 
without  ftcnch.  A  memorable  examble  of  the  fame 
kind  was  found  in  the  celebrated  catacombs  of  Kiovic, 
on  the  banks  of  the  Borifthenes,  a  defcriptioh  of  which 
we  owe  to  Herbinius.  This  author  afferts,  that  the 
crania  of  a  great  number  of  mummies  perfcftly  preferved 
in  thofe  places,  are  filled  with  a  fat  and  oily  matter  that 
runs  from  them.  The  refemblance  of  this  oilv  matter 
with  that  already  mentioned  by  Fourcioy,  is  a  proof  of 
the  obfervation  having  been  made  before,  although  no 
experiments  had  been  made  upon  it. 
3.  Aqufous  3.  Aqueous  fuircfaSlion.  It  alfo  appears,  that  all  ani- 
uw.  '  mal  fubftances,  except  the  bones,  nails,  and  hair,  are 
equally  fufceptible  of  being  converted  into  this  fatty 
matter  on  being  expofed  to  the  effedts  of  water. 
Rouelle  and  d'Arcet,  in  1777,  had  obfcrved  a  phcnome- 
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Ron  of  this  kind  in  a  dog,  found  under  water  in  the  Conver/ioa 
Seine,  all  the  flefli  of  which  was  converted  into  this  fub- 
Itance.  This  fa6t  has  been  fince  confirmed  by  the  expe- 
'  rimenrs  of  Gibbs;  for  having  placed  at  diiferent  times  a 
couple  of  cows  and  two  horfes  in  water,  or  in  a  running  Cow. 
ftream,  the  flefh  was  converted  into  a  fubftance  refem- 
bling  fperinaceti.  The  cow  was  placed  in  a  lituation  Horfe. 
where  the  water  could  have  accefs  twice  a  day;  over  it 
feme  loofe  earth  was  thrown  :  after  it  had  remained  fome 
time,  on  purtung  a  ftick  through  the  earth  to  the  body, 
a  prodigious  quantity  of  extremely  offenfive  air  arofe, 
and  in  one  vear  and  a  half  the  whole  mufcular  part  was 
changed  into  this  white  concrete  matter.  The  water 
over  the  animals,  and  for  fome  diftance  around  them,  is 
covered  with  a  beautiful  pellicle,  which  is  white  in  gene- 
ral ;  fometimes  it  refra6ls  the  fun's  rays,  producing  the 
prifmatic  colours.'  He  likewife  expofed  a  piece  of  beef  in 
a  box  pierced  with  holes  to  the  current,  and  found  it  had 
undergone  a  fimilar  transformation  in  one  month  after, 

Fitli  may  alfo  be  changed,  and  it  appears  this  concrete  Converfion 
matter  is  formed  in  the  body  of  an  animal.     Gibbs  ob- 
ferved,  on  feeing  a  body  opened  where  there  was  a  great 
collection   of  water  in  the  cavity  of  the  thorax,  that  the 
furface  of  the  lungs  was  covered   with  a  whitifli  cruft,  Smfareof 
which  he  attributes  to  fome  combination  that  had  taken   ^^  ''"'*' 
place  between   the  lungs  or  pleura  and  the  ferous  fluid 
effufed,  fimilar  to   that  between  flelh  and  water.     Dr. 
Cleghorn  alfo  mentions  a  fimilar  circn.mftance,  in  fpeak- 
ing  of  abfcefifes  formed   in  the  lungs.     Thefe  abfcefles 
had  fometmies  emptied  themfelves  in4>«  the  cavity  of  the 
thorax,  fo  that  the  lungs  floated  in  purulent  ferum,  and 
their  external  membrane  and  pleura  were  greatly  thicken- 
ed, and  f  )und  to  be  converted  into  a  whitifli  cruft,  like 
melted  tallow  grown  cold. 

Xhe  only  difference  on  comparing  this  fubftance  with 
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that  formed  in  the  cemeteries  of  Paris  was,  that  where 
large  maffes  of  bodies  are  inhumed  the  concrete  oily 
matter  or  fpcrmaccti  appears  in  the  form  of  a  foap, 
whilft  in  thofe  immcrfed  in  water  the  anmionia  is  not 
formed,  or  if  formed,  is  diflblved  and  carried  away  by 
'the  fluid  in  proportion  as  it  takes  place. 
Human  The  human  foetus  has  been  likewife  found  to  be  con- 

fctus.  .  .... 

verted  into  a  fattv  fubftance   from  remainmg  in  the  li- 
quor amnii,  and  there  is  a  iimilar  fubftance  to  be  met 
with  in  that  liquid  which  is  depofited  upon  certain  parts 
And  the      of  thc  fcetus,  called  by  Bunifa  and   V^auquelin  the  ca- 

cafeous  .... 

matter         fcous  matter.  It  IS  fiippofed  to  be  a  converfion  of  the  al- 
_oun   upon  jij^j^^j^^     j/j^ig  2iXi\c\Q  Liquor  Amnii. 

This  converfion  of  animal  fubfianccs  into  an  oily  mat- 
ter refembling  fpermacetiniay  be  produced  artificially,  by 
means  of  the  nitric  acidj  for  an  account  of  which,  vide 
Animal  oils. 

It  appears,  therefore,  to  be  this  (late  that  all  anima] 
matters  pafs  into  under  certain  circumftances,  /'.  e.  when 
the  external  air  is  prevented  from  a6ling  upon  them  fo  as 
to  have  no  influence  on  their  decompofition,  either  by 
their  being  heaped  together   in  large  maflfes,   by  partial 

Erplana-      exficcation,  by  water,  or  by  nitric  acid. 

*^""*  To  account  for  the  changes  animal  fubfiances  undergo 

on  being  converted  either  fpontaneoufiy  or  artificially, 
-  into  this  fingular  matter,  which  is  a  more  fimple  ftate  of 
compofition,  the  quantity  and  proportion  of  the  primitive 
materials  of  the  different  animal  fubfiances  fufceptible  of 
it  muft  be  previouflv  known,  and  fcarcely  nothing  has  yet 
been  done  in  chemillry  to  afford  this  knowledge.  The 
component  parts  of  animal  matters  may,  however,  be 
reduced,  as  before  obferved,  to  oxvgen,  carbon,  hydro- 
gen, and  azot,  for  the  fulphur,  phofphorus,  lime,  and 
foda,  contribute  nothing,  according  to  Fourcrov,  to  their 
formation,  if  the  phofphat  of  lime  be  excepted,  which 
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conftitutes  bones,  and  which  has  no  Influence  on  the 
above  change.     According  to  modern  chemiftry,  the  foft 
animal  matters,  thefkin,  mufcles,  Hgaments,  Sec,  may  be 
regarded  as  different  kinds  of  carbonated  oxyd  of  hydro- 
gen and  azot,   and  thefe  oxyds,  more  comphcated   than 
thofe  of  ve2:etable  fubflances,  tend  even  more  on  that  ac- 
count inceffantly  to  alteration  ;  the  equilibrium  of  their 
combination  is  eafdy  deftroyed,  and  this  is  brought  about 
by  the  leatt  chano:es  in  the  temperature  and  humidity  that 
furround  them.     Thefe  inconteftible  principles  being  laid 
down,  the  decompofition  of  thefe  matters  and  the  forma- 
tion of  the  fat  may  be  explained  in  the  following  manner. 
The  carbon  efcapes  in  great  quantity  in  the  form  of 
carbonic  acid  gas,  either  by  rea6ling  on  the  aqueous  part, 
or  by  fimply  abforbing  the  oxvgen  they  contain.     This 
volatilization  of  the  carbon  with  the  oxygen  is  the  prin- 
cipal caufe  of  the  confiderable  lofs  animal  fubftances  un- 
dergo in  their  converfion  iwio  fat,  for  this  laft  only  forms 
the  tenth  or  twelfth  part  of  every  body.     The  azot,    a 
principle  fo  abundant  in  thefe  fubftances,  combines  with 
the  hydrogen,  and  forms  ammonia,  one  part  of  which  is 
difengaged  in  vapours,  whilft  the  other  part  remains  fixed 
in  the  fat;  the  refiduum  of  thefe  fubftances  thus  deprived 
of  a  great  part  of  their  carbon,  of  their  oxvgen,  and  of- 
all   their  azot,   which  laft  no  longer  exifls  in  well  formed 
fat,  is  found  to  contain  a  much  larger  portion  of  hydro- 
gen, and  it  is  thus  carbonated  and  flightly  oxydated  hy- 
drogen thart  conftitutes  this  peculiar  concrete  oily  matter, 
or  adipo-wax,  as  it  has  been  called,  the  union  of  which 
with  the   ammonia  forms  the   animal   foap   called  fat. 
There  only  remahis  to  determine  whether  it  is  the  oxygen 
contained  in  the  animal  oxvd,  or  that^which  formsacon- 
ftituent  part  of  the  water,  that  ferves  to  compofe  this  oxyd, 
in  order.to  bring  about  thedecompofition:  andtoaccomplifh 
this,  two  fa6ls  are  wanting,  viz.  the  exa6l  proportion  of 
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the  animal  oxyd,  and  that  of  the  fat  at  the  moment  it  is 
formed,  and  'which  further  experiments  muft  provide, 
ahhough  Fourcroy  feems  to  be  of  opinion,  that  from  the 
confidcrable  proportion  of  hydrogen  cxifiing,  whether  in 
the  ammonia  formed  or  in  the  adipo-wax,  it  might  give 
reafon  to  fuppofe  that  the  decompofition  of  the  water  is 
neccflary  to  this  fpontaneous  operation. 

Having  given  an  account  of  the  difierent  fpecies  of  pu- 

trefaclion,  it  will  be  neccflarv,  before  concluding  the  fub- 

jecl,  to  take  a  view  of  one  of  it's  produ6lions,   which, 

from  the  dangerous  tendency  or  fatality  of  it's  nature, 

^■Jin/muia,    has  at  various  periods  of  time  fpread  alarm  and  terrour  in 

the  fouce  .         n  •  •     • 

of  infediorj.  all  ages,   and  almoft   \n  all  countries;   this  is  the  putrid 
matter  which  is  the  foiirce  of  infection . 

'  Amongft  the  evils  to  which  the  living  body  is  expofed, 
the  moft  dangerous  perhaps  are  to  be  met  with  when  the 
atmofphere  we  breathe  is  rendered  pernicious  by  the  ge- 
neration of  thofe  deftru6l:ive  putrid  exhalations  which 
produce  difeafes,  commonly  called  peftilential ;  and  as 
th^fe  caufes  are  too  fubtile  to  be  difcovered  by  any  of  our 
fenfes,  and  are  only  made  known  by  fatal  experience,  it  is 
from  chemiftry  alone  we  can  hope  for  relief,  and  by  invef- 
tigating  the  nature  of  fuch  caufes,  collect  means  in  order 
to  prevent,  mitigate,  or  deftroy  them. 

But  little  Perhaps  no  fab)c«Sl  is  lefs  underftood  ;  it  may  be  faid  to 

be  involved  in  impenetrable  darknefs ;  while  other  fub- 
jefts  of  inquiry  have,  in  the  progrefs  of  human  reafon, 
at  Icaft  been  attempted  to  be  invefticrated,  the  remote 
caufe  of  infeftion  has  remained  a  fubjeft  of  doubt,  a 
difmal  fomething  upon  which  fcarcely  a  conjecture  has 
been  made,  the  origin  of  which  no  one  durft  hazard  to 
inveftigate,  and  of  which  the  operations  appear  to  be  ca- 
pricious, multifarious  and  unaccountable. 

Their  pro-       It  is  wcU  known,  that  during  the  fpontaneous  decom- 
pofition of  vegetable,  vegeto- animal,  but  more  particularly 
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of  animal  fubftances,   a   gafeous  invifible  matter  (as  be- 
fore obferved)  is  extricated  ;  and  this  is  capable  of  ading 
more  or.  lefs  powerfully  on  the  living  animal  body,  and 
of  producing  different  degrees  of  difeafe,  from  the  com- 
mon intermittent  or  ague,  to  the  moft  terrible  of  all  dif- 
orders  the  plague,  and  when  this  vapour  is  in  it's  moft 
concentrated  ftate,  it's  poifon  is  fo  deleterious  as  to  pro- 
duce immediate  death.    This  poifonous  effluvium  is  called 
minjmd,  or  perhaps  more  properly,  mtafmata.     It  is  found 
to  exift  in  low  marfhy  and  fwampy  grounds.  In  and  about 
the  environs   of  cemeteries  in  which   numerous  bodies 
have  been  inhumed,  and  wherever  large  quantities  of  ve-  ^ 
getable,  or  vegeto- animal,  or  animal  matters  are  expofed 
to  the  open  air  under  a  hot  fun,  fo  that  they  may  attain 
their  higheft  degree  of  putrefa£tion.     It  differs  however 
in  it's  virulence  ;  thus  in  the  northern  climates  where  the 
procefs  of  putrefa6lion  is  very  flow  from  the  aceeffories 
being  moderate,   the  difeafes  miafmata  produce  are  gene- 
rally agues,  and  they  feldom   extend  beyond  dyfentery; 
but  in  the  eaflern  parts,  as  in  Bengal,  on  both  fides  of  the 
Ganges,  in  Louifiana,  overflowed  by  the  Miffiffippi,  and 
in  Egypt,  covered  annually  by  the  Nile,  when  the  waters 
retire  and  leave  behind  them  the  mud  and   (lime,   the 
great  heat  of  the  fun  acting  with  unremitting  force  upon 
the  relics  which  teem  with  myriads  of  animal  beings,  the 
miafmata  produced  are  fo  virulent,  as  to  give  rife  to  the 
mofi;  dreadful  peftilence,  and  in  the  moft  deadly  form. 

The  term  infe£iion  has  been  generally  employed  as  fy-  Difiinftioa 
nonymous  with  contagion.  zwA  often   w'lih.  miafmata  ■.  but  "^^^^ ':'^" 
feveral  authors  of  late,  particularly  Dr.  Baily,  an  eminent  ledion  and 
phyfician  of  New  York,    who  firft  made  the  diftinclion, 
have  employed  thefe  terms  to  exprefs  different  meanings; 
and  Wcbfter  has  adopted    the   fame  diftin6lion.     They 
affirmj  that  the  circumftances  that  charav?terize  infe^hn 
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are,  that  it  produces  epidemics  that  extend  over  immcnfe 
trails  of  country  y  that  it's  difeafes  are  not  eafily  commu- 
nicated out  of  the  pcftilential  atmofphere,  and  that  it  is 
mitigated,  fufpended  or  deftroyed  by  cold.  On  the  con- 
trary, the  principal  features  of  contagi^Ti,  are,  that  it  pro- 
duces difeafes,  Ijiit  not  to  any  great  extent,  that  they  pro- 
pagate themfelves,  and  that  it  is  favoured  by  cold.  They 
aflert,  that  the  fever  which  owes  it's  origin  to  certain 
conneflions  with  the  putrefaction  of  dead  vegetable  and 
animal  matters,  (liows  no  difpofilion  to  propagate  itfelf, 
whilft  the  fever  arifing  from  a  connection  with  the  living 
human  body  in  a  certain  difeafed  Hate,  as  in  meazle?, 
fmallpox,  &c.  multiplies  with  great  aftivity.  The  one  is 
peculiar  to  particular  dates  of  the  climate,  exifts  generally 
in  the  autumnal  months,  in  hot  climates,  and  but  rarely 
in  cold,  although  it  has  appeared  from  general  changes 
in  the  climate,  even  in  the  more  northern  regions ;  the 
other  is  not  peculiar  to  feafon  or  climate,  appears  oftener 
in  winter  than  in  fummcr,  and  in  temperate  than  in  hot 
climates;  but  as  it  depends  upon  adventitious  caufes,  it 
fometimes  commits  ravages  in  fummer,  and  has  even  ap- 
peared in  the  torrid  zone;  the  one  originates  from  natu- 
ral fources,  the  other  from  artificial  ones  ;  fuch  is  the  ge- 
neral hypothefis  of  this  diftin^tion,  the  conclufion  of 
which  is,  that  infectious  difeafes  arifing  from  miafmata 
are  not  communicated,  whilil  contagious  difeafes  are. 
Ancient  ^  Variety  of  authors  have  contended  for  and  againfl: 

""^  ii"°^*^^'^  the  contaoion  of  peflilcntial  difeafes;  amono-  the  anci- 
on  the  con-  ents,   Galen,    Ariftotle,    Thucydides,  Seneca,    l"oreflus, 
peitilential   Profpcr  Alpiuus,   Dicmcrbrouck,  Sydenham,  and  others, 
'  ^^  ^'"      contend,  that  the  plague  as  well  as  other  pedilential  dif- 
eafes  is  contagious;  whilft   Procopius,    and  thofe   w^o 
oppofe  the  do6lrine  of  contagion,   not  only  produce  as 
authority,   the  filence   of    Hippocrates,   Avicenna,   and 
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■«ther  Arabian  phyficians,  on  the  fubjefl,  but  they  affirm, 
that  if  the  plague  was  a  contagious  difeafe,  it  would  always 
infeft  thofe  who  communicated  with  the  difeafed. 

Amongll:  the  moderns,  befides  the  two  already  men- 
tioned, Dr.  Smith,  of  America,  and  Dr.  Maclean,  have 
fupported  the  fame  opinion.  The  latter,  in  a  fmall  trea- 
tife,  has  attempted  to  prove  that  the  plague,  dyfentery, 
and  other  epidemics,  are  never  propagated  by  contagion, 
for  only  a  very  fmall  portion  of  thofe  that  have  been  ex- 
pofed  to  the  a6lion  of  the  effluvia  of  the  dcccafed  are 
ever  affected  by  the  diftemper ;  he  concludes  thofe  difeafcs 
only  to  be  contagious  which  muft  neceflarily  acl  and 
communicate  the  difeafe  within  a  certain  diftance,  as  the 
fmallpox,  meafles,  and  which  can  only  be  received  once 
by  the  fame  perfon  ;  whilft  the  others,  which  may  affeA 
a  perfon  feveral  times  during  his  life,  arecaufcd  by  certain 
ftates  or  viciffitudes  of  the  atmofphere  only.  He  affirms, 
that  the  exideuce  of  contagion  in  the  plague,  dyfentery, 
and  fevers,  has  been  uniformly  taken  for  granted,  not  only 
without  proof,  but  even  contrary  to  the  evidence  of  nu- 
merous and  convincing  fa£ls. 

Although  thefe  and  feveral  other  phyficians  of  emi- 
nence, particularly  Dr.  Rulh,  of  Philadelphia,  whofe 
opportunities  of  obfcrving  the  yellow  fever,  or  plague,  of 
America,  have  been  very  great,  are  of  opinion,  that  pef- 
tllential  difeafes  arifing  frommiafmata  are  not  contagious ; 
yet  as  fuch  opinions  may  as  yet  be  looked  upon  as  con- 
jevilural,  without  any  direft,  explicit,  and  perfe6lly  decid- 
ing fa6ls,  to  place  fuch  opinions  beyond  the  reach  of  all 
doubt  and  controvcrfy,  it  would  be  highly  improper  in  the 
prefeut  (late  of  knowledge  on  this  fubie6l.  for  either  the 
magiftrate  or  the  phyfician  of  a  board  of  health  to  di- 
veft  th^mfelves  of  the  leaft  precaution,  either  by  putting 
an  end  to  quarantine,   or  by  not  applying  to  every  other 
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means  that  might  place  the  fafctv  and  welfare  af  their 
fellow  eitizens  bcvoiid  every  the  flighlefl:  furpleion  and 
fear  of  fueh  terrible  calamities. 

Among  the  numerous  opinions  given  refpcfting  the 
caufes  of  peftilential  difeafes,  whilft  fome  have  even  de- 
nied the  exiftence  of  a  putrid  caufe,  others  have  been  fo 
convinced  of  it's  prefcnee  as  to  defcribo  even  it's  pecu- 
liar fmell.  Thofe  who  have  had  infectious  air  frefli  in 
their  noftrils  affirm,  it  is  eafilv  diftinguifhed  from  all 
other  known  odours;  bnt  the  different  accounts  they  give 
of  itmayafford  fome  reafontofufpe6lthemoferrour.  Some 
call  it  an  earthy  fmell,  very  difagreeable,  that  it  in  fome 
meafure  affe6ls  the  organ  of  talle,  even  extending  into 
the  ftomach ;  others  have  compared  it  to  the  vapours 
iffuing  from  a  newly  opened  grave,  but  without  the  cada- 
verous flench;  others  think  it  rcfembles  the  effluvia  of 
rotten  ftraw;  and  others  again  arc  of  opinion  it  is  like 
the  exhalations  from  the  confluent  fmallpox  at  the  turn 
of  the  pufiules.  The  gravediggers  mentioned  by  Four- 
croy  fpoke  of  the  odour  from  the  burfting  of  the  lower 
belly,  in  a  flate  of  great  putridity,  to  be  a  horrible  ftench  ; 
and  whenever  they  are  expofed  by  an  unfortunate  chance 
to  bodies  in  the  earth,  in  this  dangerous  Hate,  fo  great  is 
it's  poifonous  activity,  that  if  near,  they  are  immediately 
flruck  with  afphixy  ;  if  at  fome  diflance,  it  only  gives 
them  a  flight  vertigo,  a  difagreeable'fenfation  of  fainting, 
or  of  naufea,  which  continues  feveral  hours,  followed  by 
lofs  of  appetite,  wcaknefs,  and  trcmours ;  hence  arife 
thofe  difeafes  which  people  are  fubjeft  to  who  live  in  the 
neighbourhood  of  large  cemeteries,  a  great  number  of 
whom  have  their  countenances  pale  and  wan,  with  other 
fymptoms  announcing  the  aclion  of  a  flow  poifon.  From 
the  circumftances,  however,  in  which  this  poifon  is  ex- 
tricated,  it  is  perhap?,  never  admitted  to  the  organ  of 
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Imeil  in  it's  pure  form,  but  general!;' 'accompanied  bv 
foine  oih-cr  gafeous  and  difagreeable  emanation,  that  may 
hiive  given  rife  to  the  different  opinions  of  it's  oddur. 

\\  iih  refpCvSl  lo  the  manner  in  which  contagion  is  com- 
municated, Dr.  Cannichael  Smith  is  of  opinion,  that  it 
is  not  only  from  a  dircft  communication  with  the  fick 
that  contagious  fevers  are  propagated,  but  that  unfortu- 
nately the  perfons  and  clothes  of  thofe  who  remain  long 
in  a  contagious  atmofphere,  and  the  excretions  of  the 
fick,  are  capable  (even  when  conveyed  to  a  great  diftance, 
or  jireferved  for  a  length  of  lime)  of  producing  the  fame 
mifchief  as  an  immediate  communication  with  the  fick 
thcmfelves,  and  that  the  jail  dillemper  and  putrid  conta- 
gion are  thus  frequently  conveyed  cannot,  he  thinks,  be 
denied.  Indeed,  wherever  a  vapour  can  be  diftuiguilhed 
by  the  fmell,  we  ha\e  the  demonllration  of  our  fenfes, 
for  what  a  length  of  time,  not  only  clothes  but  furniture, 
and  even  the  boards  and  walls  of  houfes  will  retain  it ; 
therefore,  in  refpeft  to  the  jail  or  hofpital  fever,  it  may  be 
fafely  affirmed,  that  it  not  only  attacks  thofe  immediately 
expofed  to  the  original  atmofphere,  but  that  this  conta- 
gion may  be  certainly  communicated  by  the  clothes  of 
thofe  that  have  been  any  length  of  time  confined  in  it  j 
and  what  is  more  furprifing,  even  when  the  perfons  thcm- 
felves are  not  affeiSled.  Indeed,  the  dread  of  thefe  terri- 
ble difeafes  may  have  probably  magnified  the  danger  be- 
yond reality,  and  the  rilk  of  propagating  the  contagion 
niav  not  be  fo  great  as  is  fuppofed  ;  phyficians,  and  even 
apothecaries  not  being  fo  long  expofed  to  this  atmofphere 
_as  to  be  in  great  danger  of  conveying  the  contagion  elfe- 
where,  yet  the  perfons,  and  efpeeially  the  clothes  of 
nurfes  and  affifiants,  who  are  conl^antly  confined  amongft 
the  fick,  are  certainly  capable,  according  to  Dr.  Smyth, 
of  communicating  the  difeafe  ;  but  he  adds,  that  howe- 
ver paradoxical  it  may  appear,  he  never  obferved  that  the 
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fick  propagated  the  difcafc  fo  readily  as  the  bodies  and 
clothes  of  thofe,  who,  though  well,  had  been  long  con- 
fined in  the  original  atmofpherc.  tic  is  of  opinion,  that 
unlefs  where  contagion  is  very  powerful^  it  is  feldom  pro- 
pagared  in  the  open  air,  and  he  knew  only  of  one  inftance 
of  this,  at  the  prifon  of  Winchcftcr.  lie  thinks  there 
is  but  little  rilk.  of  receiving  contagion  from  the  difleilion 
of  dead  bodies,  unlefs  when  the  operator  happens  to  cut 
himfelf. 

The  perfons  moft  fufceptible  of  this  contagion,  Dr. 
Smyth  aflerts,  are  young  perfons,  particularly  if  they 
come  dire£lly  from  a  pure  air  into  the  infc£led  atmofphere, 
thofe  w  hofe  minds  are  opprefled  with  fear  or  anxiety,  or 
who  have  been  weakened  by  previous  illnefs ;  even  thofe 
who  have  been  fatigued,  or  are  fading,  receive  it  more 
readily  than  others  whofc  flrength  has  not  been  impaired, 
or  which  has  been  again  recruited  with  food.  A  moid 
atmofphere  is  alfo  more  favourable  to  the  communication 
of  contagion  than  a  dry  one,  and  a  contagious  perfon  be- 
comes greatly  more  fo,  if  his  clothes  are  wet,  and  his 
body  heated  by  cxcrclfe  fo  as  to  be  in  a  ftate  of  perfpi- 
ration.  It  has  likevvife  been  remarked,  that  perfons  who 
have  iffues  are  feldom  aife6led  by  contagion. 

Putrid  matter,  in  whatever  way  generated,  if  in  fufficl- 
ent  quantity,  has  always  fome  deleterious  effeft  a6ling  as 
a  poifon  upon  the  body ;  and  this  effeft  takes  place  whe- 
ther the  putrid  matter  be  generated  in  the  body,  taken 
into  the  ftomach,  or  into  the  blood  by  means  of  a  wound. 
It  is  true,  the  human  ftomach,  and  dill  more  remarkably, 
the  ore;ans  of  digedion  of  certain  animals,  have  the 
power  of  counteracting  the  feptic  tendency ;  but  this 
power,  at  lead  in  the  human  domach,  is  very  limited, 
and  when  any  matter,  whether  generated  in  the  body  or 
introduced  from  wiihout,  has  acquired  a  degree  of  pu- 
tridity beyond  this,  it  occafions  naufea,  vomiting,  purg- 


PUTREFACTION.  2~5 

iiiff,  great  oppreffion  at  the  region  of  the  ftomach,  and 
often  a  fever,  cither  of  the  intermittent,  remittent,  or 
more  continued  kind.  Putrid  matter  direAly  introduced 
into  the  fyflem  by  means  of  a  wound  caufes  fweHino;, 
and  inflammation  of  the  lymphatic  glands,  often  termi- 
nating fuddenly  in  gangrene,  along  with  the  fymptoms  of 
a  fever,  greatly  refembling  the  hofpital  or  jail  fever;  the 
fame  proftration  of  ftrength,  tremors,  anxiety,  headach, 
and  delirium,  arid  all  the  fymptoms  of  a  bad  putrid  fever, 
as  petechioe,  hemorrhage,  indicating  a  certain  decompo- 
fition  of  the  blood.  The  fevers  that  arife  from  expofure 
to  putrid  vapour  or  contagion  aflume  a  variety  of  types' 
and  forms,  according  to  the  degree  of  putridity,  feafon 
of  the  year,  conftitution  of  the  patient,  &c.;  but  they  as 
well  as  the  preceding  will  be  found  to  have  many  fymp- 
toms in  common,  and  fimilar  to  the  jail  and  hofpital 
fever;  and  in  reality,  all  the  fevers  of  this  clafs,  from 
the  flighteft  vernal  intermittent  to  the  true  plague,  are,  as 
Dr.  Smyth  obferves,  only  different  fliades  or  varieties  of 
the  fame  difeafe,  and  produftions  of  one  common  caufe, 
viz.  putrefa6lion. 

What  that  fubtile  or  powerful  vapour,  or  whatever  elfe 
it  may  be,  is  that  arifes  during  the  putrefa6live  procefs, 
and  a6ls  in  the  form  of  fuch  a  powerful  poifon,  is  un- 
known. Various,  however,  have  been  the  opinions  on 
the  caufe  of  peftilential  fevers* 

On  extending  our  inveftigation  towards  antiquity  re-  Ancient 
fpeaing  the  origin  of  peftilential  difeafcs,  we  Ihall  find  'l^nf  ? 

*  o  o  r  '  opinions  on 

that  fuperftition   was  the  firft  to  account  for  them,  by  peftiier.ce, 
afcribing  peftilence  to  the  immediate  exerctfe  of  Divine 
Power.     It  was  fuppofed  that  it  was  one  of  the  judg- 
ments that  God  inflicted  on  mankind  in  his  wrath,  to  Scripture. 
punifh  them  for  their  iniquities ;  thus  when  Daniel  was 
fummoned  to  receive  his  puniflin:ent  for  numbering  the 
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thildren  of  Ifrael,  having  been  permiucd  to  make  choice 
of  the  llirce  greateft  calamities,  he  preferred,  for  a  pious 
rcafon,  pellilcnce  to  either  famine  or  the  fword;  and 
70000  of  his  fiibje^ls  perirtied.  "  I  will  fmitc  the  in- 
habitants of  this  city  both  man  and  bcaft,  they  fliall  die 
with  great  pefiilence."  2  Sam.  21.  Jercm.  ch.  21. 
Homer.  In  perhaps  the  oldeft  hiftorical  account  of  mankind, 

after  the  Bible,  we  are  informed  by  Homer,  that  a  plague 
raged  during  the  ficge  of  Troy,  and  peftilence  is  afcribed 
by  the  poet  to  extreme  heat  under  the  influence  of  the 
dog-ftar,  and  alfo  to  vapours. 

^'^  As  vapours  blown  by  Auftcr's  fultry  breath, 

"  Pregnant  with  plagues,  and  iliedding  feeds  of  death, 

f'  Beneath  the  rage  of  burning  Syrius  rife." 

Pope's  Hom.  II.  b.  5.  1058. 
Hippo-  Hippocrates  attributes  peftilential  difeafes  to  putrid  air, 

vvhich-infe6ts  all  animals  that  breathe  in  it.  "  Firft," 
fays  he,  "  I  will  begin  with  the  mod  common  febrile 
difeafe,  which  in  fome  meafure  accompanies  all  difeafes; 
for  there  are  two  forts  of  fevers,  one  that  is  promifcuous, 
and  common  to  all,  called  the  plague;  the  other,  by  rea- 
fon  of  unhealthy  diet,  is  peculiar  only  to  fuch  as  ufe  that 
diet;  but  of  both  thefe  kinds  of  fevers  the  air  is  the  file 
author  ar.d  caufe\  the  common  fever  or  plague  therefore 
happens  to  all,  becaufe  all  breathe  the  fame  air;  and  it  is 
certain,  that  the  fame  air  being  mingled  in  fimilar  bodies 
muft  beget  the  like  fevers."  On  demanding  why  in- 
feftious  diftempers  feize  not  all  animals  alike,  he  anfwers, 
that  when  the  air  is  filled  with  fuch  filth  and  pollutions 
as  are  noxious  to  human  nature,  men  only  fall  fick,  but 
when  it  is  hurtful  to  any  of  the  other  fpecies  of  animals 
the  difeafe  feizes  that  fpecies  only.  Hippocrates,  how- 
ever, feems  to  have  been  aware  that  there  wafe  fomcthing 
elfe  necelil",rv,  for  he  fpeaks  of  to  ^i\^v  or  fome  divine 
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principle  in  the  air,  which  has  been  fuppofcd  to  mean  an 
epidemic  conftitution,  arifing  from  changes  in  the  aimo- 
fphere  produced  by  unknown  caufes. 

According  to  the  obfervalions  of  Ariftotle,  peftilence  Ariftotie. 
may  owe  it's  caufe  to  a  hot  and  dry  fouth  wind. 

Gaicn,  who  lived  at  Rome  in  the  reign  of  Marcus  An-  Galen, 
toninus,  \A'hilft  a  raging  plague  was  defolating  that  city, 
is  of  opinion,  that  Hippocrates' was  miftaken  in  afcribing 
the  cauTe  of  epidemic  difeafes  to  the  air  only,  and  obferves, 
that  pedilcntial  fevers  fcmctimes  prjceed  from  a  great 
abundance  of  humours,  whenever  thefe  have  acquired 
from  the  ambient  air  the  lead  tendency  to  corruption. 
He  attributes  alfothcfe  difeafes  not  only  to  the  air,  but  to 
unwholefome  food  and  vitiated  waters. 

Ammianus  Marcellinus  mentions  a  plague  in  the  city  Maicelli' 
of  Amida,  in  Perfia,  when  befieged  by  Sapor,  about  the 
middle  of  the  fourth  century  ;  it  arofe  from  the  corrup- 
tion of  numerous  dead  bodies  which  lay  unburied  in  the 
flreets.  He  then  proceeds  to  give  the  opinions  of  others 
on  the  fubje6t,  as  follows:  "  Pliilofophers  and  eminent 
phyficians  have  taught,  that  pefiilence  is  produced  by  ex- 
cefs  of  heat  or  cold,  of  drought  or  moifture.  Hence 
thofe  that  live  near  wet  and  mardiy  places  are  fubjeS:  to 
coughs,  difeafes  of  the  eyes-,  8cc.  Thofe,  on  the  other 
hand,  that  refide  where  the  heat  is  great,  iire  troubled 
with  febrile  complaints,  and  in  proportion  as  the  matter 
of  fire  is  more  aftive,  drought  is  more  rapid  in  deftroy- 
ing  life.  Others  are  of  opinion,  that  air,  like  water,  vi- 
tiated by  the  effluvia  of  dead  bodies,  or  fimilar  fubftances, 
is  deprived  of  it's  falubrity,  or  at  leaft,  that  a  fudden 
change  of  air  will  produce  the  more  flight  complaints. 
Some  alfo  affirm,  that  the  air,  rendered  grofs  by  a  denfer 
vapour  from  the  earth,  clofing  the  pores  of  the  body,  and 
checking  perfpiration,  becomes  fatal  to  the  lives  of  others, 
for  which  reafon  thofe  animals  which  are  continually 
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bending  towards  the  earth  are  the  firft  viiStims  to  pcfti- 
lence,  as  Homer  tcftifies,  and  which  is  proved  by  many 
examples  during  the  prevalence  of  peftiiential  difcafcs." 

.(Etius,  About  the  clofc  of  ihefifth  century,  ^lius,  who  was  an 

eminent  phyfician,  has  compiled  the  opinions  of  his  pre- 
deccflbrs  on  epidemic  difeafes.  *'  Thofe  are  calcd  fo," 
fays  he,  ^'  which  originate  from  a  common  caufe,  as  bad 
food,  or  water,  immoderate  grief,  or  want  of  cuftomary 
exercife,  hunger,  or  repletion,  efpccially  when  abundance 
fueceeds  extreme  want.  But  the  nature  of  the  country 
often  caufes  epidemic  difeafes  j  the  air  we  breathe  being 
vitiated  by  the  evaporation  from  putrid  fubftances,  fuch 
as  multitudes  of  dead  bodies  after  battles,  marflies  or 
ftagnant  water  in  the  vicinity,  which  emit  poifonous 
and  fetid  vapours.  This  caufe  is  in  continual  operation." 

Profper  Al-  Xhe  Greeks  called  thofe  difeafes  that  operated  univer- 
fally  Bviht^ixQi,  and  if  at  the  fame  time  they  were  very  de- 
flrudlive,  they  had  the  name  of  a  plague,  by  the  Greeks, 
?o»/Ao?,  by  the  Latins,  peftis,  a  pafcendo  or  peftilentia,  ac- 
cording to  Ifidorus,  quafi  paftulentia,  quod  veluti  incen- 
dium  depafcit,  becaufe  it  confumes  and  devours  like  a 
burning  flame  But  fince,  although  at  what  time  is  diffi- 
cult to  fay,  a  difference  has  taken  place  between  pe/ili  and 
peJiUent'ia.  It  is,  iiowever,  found  in  the  works  of  Prof- 
per  AlpimiSj  a  Venetian  phyfician,  who  wrote  about  the 
clofe  of  the  l6th  century.  This  author  mair^tains,  that 
pefiilent  fevers  arc  occalioned  by  local  caufes,  as  vitiated 
air,  and  by  peculiarities  of  feafon,  as  extreme  heat  and 
humidity  ',  but  he  aflerts,  that  the  plague  in  Egypt  rarely 
proceeds  from   corrupted  air,  and  never  except  after  an 

^  imufual  flowing  of  the  Nile,  and  concludes,  it  is  ufually 

imported. 

piemer-  An  eminent  Dutch    phvfician   of   the  lafl  century^. 

Diemerbroeck,  afligns  three  caufes  of  the  peflis  or  true 
plague.     1.  The  jufl  anger  of  Heaven,  provoked  by  ex- 


PUTREFACTION.  279 

halations  from  the  finks  of  our  fins  and  abominable  deeds, 
2.  A  moft  malignant,  poifonous  and  deadly  pefl:ilent 
germe,  like  a  fubtle  ferment  or  leaven,  fent  from  Heaven 
in  a  very  fmall  quantity,  diffufing  itfelf  through  the  air 
like  a  fubtle  gas,  and  rendering  it  impure.  This  gas,  he 
fuppofeSj  fprcads  over  many  regions,  and  impreffes,  by 
it's  numerous  particles  on  the  air,  an  infeftion  like  poi- 
fon,  which  aflefls  people. 

He  maintains  the  difi;in(5lion  mentioned  by  the  laft 
author,  and  fuppofes,  that  peftilentia  is  produced  by 
exhalations  and  intemperate  feafons ;  whilfi;  the  plague, 
he  contends,  cannot  be  occafioned  by  thofe  caufes, 
though  they  may  aflift  the  germe  or  general  caufe. 

According  to  Van  Helmont,  c.  Flemifli  writer  of  the  VanHel- 
lafi:  century,  the  plague  cannot  be  afcribed  to  the  unfca-  '^°"'' 
fonable  changes  of  times,  nor  to  putrefa6lion  ;  but  that 
it's  poifon  is  a  fecret,  that  the  matter  of  that  difeafe  is  a 
wild  fpirit  tinged  with  poifon,  exhaling  from  a  difeafed 
perfon^  or  drawn  inwards  from  a  gas  of  the  earth,  putre- 
fied by  continuance,  and  receiving  internallv  an  appro- 
priate ferment,  and  by  degrees  attaining  a  pefliilential 
poifon  in  us.  The  remote,  crude,  and  firft  occafional 
matter  of  the  peftilence,  is  an  air  putrefied  through  con- 
tinuance, or  rather  a  heavy  putrefied  gas,  which  putre- 
faflion  of  the  air  hath  not  the  8200th  part  of  it's  feminal 
body.  When  we  compare  this  unintelligible  explanation 
of  this  alchemift  with  the  ancient  method  of  afcribing  ■ 
the  caufe  of  peftilential  difeafes  to  the  extravagant  fyftem 
of  judicial  afl:rology,  the  latter  is  by  far  the  moft  fatis- 
faftory ;  both  of  them  perhaps  equally  unphilofophical. 
The  author,  however,  contends  againft  a  more  ancient 
fuperfi-ition,  that  the  plague  is  not  fent  down  from  Hea- 
ven, but  that  popular  plagues  draw  their  firft  occafional 
matter  from  an  earthquake,  ?nd  from  the  confequences  qf 
camps  and  fieges, 
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Hodges.  ,  Hodges,  who  wrote  a  treat i  c  on  the  great  plague  in  Lon- 
don in  \G65,  obfcTves,  that  the  air  fufTcrs  fonie  tnintial 
alteration  which  isnecefTury  to  favour  the  propagation  of 
pcftilencc.  The  nitro-aerial  principle^  which  caufcs  or 
invigorates  animal  and  vegetable  life,  fometimes  becomes 
impcrfeiV,  degenerate  or  corrupt,  being  tainted  with 
fomething  pernicious  to  vitality.  He  calls  it  poifonous, 
and  obfcrves  that  it  proves  injurious  to  trees  and  cattle, 
as  well  as  to  man.  lie  fnppofes  the  corruptlno;  principle 
to  be  a  fubtle  aura,  or  vapour,  extricated  from  the  bowels 
of  the  earth. 

Van  Swie-  According  to  Van  Swicten,  the  caufe  of  epidemics 
is  in  the  hidden  qualities  of  the  air,  and  is  inexpli- 
cable. 

Sydenham.  Sydenham  agrees  with  Diemerbroeck,  and  Van  Sv\ie- 
tcn,  in  afcribing  peftilcnce  to  occult  qualities  in  the  air. 
Of  the  fame  opinion  is  Fernclius,  Sennat,  and  Stcn- 
kius. 

Mead.  Mead  afcribcs  the  plague  to  the  putrefaftion  of  animal 

fubftances  and  nnfeafonable  moiflures,  heats,  and  want 
of  winds;  and  affirms,  that  no  kind  of  putrefa6lion  in' 
European  countries  is  ever  heightened  to  a  degree  capa- 
ble of  producing  the  true  plague.  He  is  furprifed  that 
authors  (liould  have  recourfe  for  an  explanation  of  the 
caufes  to  hidden  qualities,  fuch  as  malignant  influences 
of  the  heavens,  arfenical,  bituminous,  or  other  mineral 
effluvia,  with  the  like  imaginary  or  uncertain  agents. 
J-Ic  afligns  three  caufes.  1.  Difcafed  perfons.  2.  Goods 
tranfpurted  from  infe6lcd  places.  3.  A  corrupted  (late  . 
of  air.  He  does  not,  however,  deny  all  latent  diforders 
in  the  air,  but  confiders  them  as  fecbndary  caufes  only, 
incrcafing  and  promoting  the  difeafe  when  once  bred, 
and  thinks  infedllon  to  be  the  means  of  it's  propaga- 
tion. In  this  he  differs  greatly  from  Diemerbroeck, 
who  utterly  denies  that  the  difeafe  is  originally  derived 
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from  infe^llon,  although  he  agrees  that  it  may  be  after- 
wards communicated  from  pcrfon  to  perfon  by  contac^j 
or  near  approach.  Diemerbroeck  alfo  maintains  the 
latent  qualities  of  the  air  to  be  the  principal  caufe  of 
the  plague,  or  caufe,  Jine  qua  non.  Mead  fays,  the 
plague  is  never  originally  bred  with  us,  but  always  brought 
accidentally  from  abroad. 

Mackenzie,  who  gave  an  account  of  the  plague  in  Mackea- 
Coniiantinople,  fuppofes  the  diicafe  to  proceed  from 
venomous  molecul^e,  lodged  in  wool,  cotton,  hair, 
leather,  and  Ikins,  in  houies  not  well  cleanfed  after 
pefiilence.  He  thinks  the  air  no  otherwife  concerned 
in  producing  the  difeafe,  than  as  a  vehicle  to  convey 
the  venomous  particles  from  one  body  to  another. 

The  idea  of  Dr.  Chandler  greatly  refembles  that  of  Chandler. 
Dr.  Mackenzie,  with  refpe<Sl  to  the  origin  of  plague. 
He  fays  it  might  be  perhaps  truly  defined,  a  difeafe 
arifmg  from  certain  animalcula*,  probably  invifible, 
\\hich  burrow  and  form  their  nidus  in  the  human  body. 
They  always  fubfill  in  places  fuited  to  their  nature.  The 
fpecies  imported  faom  Smyrna  are  commonly  deftroyed 
by  intenfe  heat.  The  pores  of  the  fkin  opened  by  the 
weather,   readily  admit  them. 

Gibbon  the  hiftorian  aflerts,  that  the  plague  arifes  from  Gibbon, 
hot,  damp,  ftagnant  air. 

The  Abbe  Fourmont,  that  it  originates  from  famine.     Fourmont, 

Dr.  Mitchill,  that  the  gafeous  oxyd  of  azot  or  nitro-  Dr.  Mach, 
gen  is   the  matter  of  contagion  ;  tbi    is  the  dephlogifti-  '"' 
cated  nitrous  air,  difcovered  by  Priellley,  it  fupports  flame 
and  extinguifheslife. 

It  might  have  been  expe6led  that  in  defcending  to 
jnodern  times,  a  more  fatisfa<5J:ory  account  of  the  poifon- 
ous  matter,  whofe  a6lion  has  been  fo  very  inimical  to 
the  human  fpecies,  would  have  be(2n  given  by  phyfici- 
ansj   but  it  appears,  that  no  method  has  yet  been  found 
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out  to  render  this  invifiblc  agent  pervious  to  the  fcnfes, 
and  that  every  thing  refpedling  it  hitherto  has  been 
either  fable  or  conje6lure.  If,  however,  this  terrible 
enemy  has  efcapcd  the  invefligation  of  the  philofopher, 
means  have  been  employed  to  render  the  poifon  ineffec- 
tual, and  to  difcover  by  chemical  reagents  vi-hat  are  the 
nioft  effe6lual  fubflanccs  to  countera6l  it's  effeds,  either 
-by  decompofition,  or  chemical  imion. 
Ancient  Hippocrates,    we  are  informed,    in   order   to  deflroy 

Ih^'ations    *^^  peflilential  particles  of  the  air,  made  ufe  of  fcented 

defceiiding  wood,  whlch  he  caufed  to  be  burned  in  piles  placed   at 

to  modem  ^  * 

limes.         the  corners  of  the  flrcets,  but  the  remedy  appears  to  have 

been  equally  as  inefficacious  as  the  fmoking  of  tobacco, 
the  thieves  vinegar,  with  the  reft  of  the  numerous 
noftrums  and  amulets  that  have  fucceeded  each  other  at 
different  times.  It  is  readily  conceived  why  fumigations, 
and  fubftances  Yielding  ftrong  odours,  were  firft  employed 
for  this  purpofe.  The  plague,  and  other  difeafes,  at- 
tended with  great  mortality  in  ancient  times,  being  con- 
iidered  by  the  fupcrftilious  world,  as  judgments  fent  by 
the  hand  of  divine  vengeance,  to  fcourge  the  human 
race  for  their  fins,  as  before  obferved,  facrifices  and  ex- 
piations were  made  to  the  gods,  to  deprecate  their  wrath, 
and  atone  for  the  guilt  of  mankind.  Sweet  fmellins; 
herbs  and  flowers,  and  aromatic  gums,  as  myrrh  and 
frankincenfe,  were  therefore  burnt  during  thefe  cere- 
monies ;  and  as  the  whole  were  of  an  agreeable  odour, 
and  overpowered  the  offenfive  effluvia  of  difeafed  or  cor- 
rupted bodies,  it  was  natural  for  thefe  ignorant  people 
to  believe,  that  fuch  fumes,  by  deftroying  the  fmell, 
deftroyed  likcwife  the  polluted  effluvia.  Another  cir- 
cumftance  obferved  by  Dr.  Trotter  might  have  given 
rife  to  fimilar  means.  It  was  believed  that  the  peflilen- 
tial difeafes  were  the  offspring  of  putrid  and  of  putrefying 
animal  and  vegetable  fubftances,   ami  thefe  fubftances 
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they  faw  became  the  nidus  and  the  nourifliment  of  nu- 
merous young  infects ;  whence  they  conckided,  that 
their  generation  was  fpontaneous.  To  deftroy  thefe  ani- 
malculae,  which  in  hot  countries  increafe  in  fuch 
numbers,  and  which  now  on  the  wing  they  con- 
fidered  as  polluting  the  atmofphere,'  brimftoqe  and 
fire  would  foon  be  reforted  to,  as  it  was  known,  that 
no  animal  could  approach  their  conflagration,  fo  that 
every  article  that  yielded  either  agreeable  odours  or 
pungent  vapours  was  employed  ;  hence  the  hyflbp  of  the 
wall,  the  cedar  of  Lebanon,  the  camphire  of  Engedi, 
fpices  and  the  pitch  of  Norway,  and  the  tobacco  of  Vir- 
ginia, fwell  the  antipeftilential  catalogue ;  and  the  fumi- 
gating fubftances  have  been  handed  down  from  the 
Jews,  the  Greeks,  and  the  Romans,  through  the  Arabian 
phyficians  and  the  dark  ages  of  Europe  to  the  moderns, 
and  have  maintained  their  reputation  and  charafter, 
amidft  all  the  viciflitudes  of  human  opinions,  and  the 
fleeting  duration  of  medical  theories.  Nobody,  till  late- 
\y,  has  queftioned  a  practice  fand^ioned  by  the  authority  of 
antiquity,  and  the  univerfal  fufFrage  of  modern  phyfi- 
cians, until  the  beautiful  difcoveries  of  pneumatic  che- 
miftry,  which  explained  the  nature  and  compofition  of 
.elallic  fluids,  invited  the  chemical  philofopher  to  apply 
his  new  acquired  knowledge  to  the  detedfion  of  thecaufes 
of  peftilential  difeafes,  and  to  find  out  the  bed  and  moft 
fuitable  prophylactics  againft  them. 

Until  a  knowledge  of  the  different  airs  that  compofe  chemical 
our  atmofphere,  and  the  various   gafts   that  arife  from  ^j^,oyinV 
fpontaneous  or  artificial  decompofition,   began  to  prepare  t"i''fi^"it<*.' 
the  chemirt  for  future  inveftigation,  little  could  be   ex- 
pe£led   from  any  other  branch   of  philofophy,  but  no 
fooner  did  the  experiments  of  Black,  Cavendifii,  Priefl- 
lev,  Lavoifier,  and  Berthollet,  afford  a  light  into  the  un- 
explored regions  of  the  aerial  world,  than  a  new  oportu- 
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nity  prefcnted  Itfclf  of  inquiring  into  the  nature  and 
properties  of  thofe  effluvia,  that  arofe  from  the  putrefac- 
tion of  animal  and  vegetable  fubftanccs,  and  whieh  have 
in  all  ages  been  more  or  lefs  looked  upon  as  the  origin  of 
peAJlential  difeafes. 
Morveau.  Amongfl:  thofe  who  made  the  firil  attempts  to  render 
the  poifonous  vapour  of  peftilence  ineflTeftual  by  chemical 
decompofition,  Morveau,  a  chemifl:  of  Dijon,  i.  perhaps 
the  befl:  dcferving  of  being  recorded.  He  appears  to 
have  confidercd  this  matter  as  compofed  of  volatile- alcali, 
and  an  acrid  animal  oil  in  agafeous,  or  aeriform  flate  ; 
and  he  informs  us,  that  in  May,  1773,  the  cathedral 
church  of  Dijon  was  found  to  be  fo  very  infeftious  and 
noifome,  from  the  numerous  inhumations,  as  to  be  no 
longer  fafe  to  frequent,  whilft  various  fubftances  had 
been  employed  to  deftroy  it's  cadaverous  fmell,  fuch  as 
large  quantities  of  aromatics,  vinegar,  nitre,  but  without 
any  effeft,  and  under  thefe  circumftances  this  chcmift 
was  applied  to. 

It  is  a  well  known  property  of  the  muriatic  acid,  to 
take  a  gafeous  form  as  foon  as  it  is  difengaged  from  it's 
combinations,  but  without  lofing  it's~  acid  character,  or 
having  it's  energy  diminiflied,  and  this  was  found  to  be 
of  great  ufe  in  purifying  and  deftroying  the  infeftion  of  a 
mafs  of  air,  when  loaded  with  putrid  vapours.  The 
method  the  commlffaries  of  the  Royal  Academy  at  Paris 
had  employed,  in  their  report  on  the  pr ifons  of  that  city, 
was  to  add  vitriolic  acid  to  cammoii  fait,  which  difen- 
gages  the  muriatic  acid  in  the  form  of  white  vapours, 
that  immediately  expand  throughout  the  wdiole  room 
or  place  where  the  procefs  is  made  ;  and  this  has  been 
found,  to  ufe  the  cxprefflon  of  thefe  commiflaries,  to 
neutralize  the  putrid  miafmata,  and  they  recoiftmend,  as 
foon  as  the  vapours  are  pafled  away,  the  doors  and  win- 
dows to  be  left  open  for  two  or  threq  days,   fo  that  the 
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flight  odour  of  the  marine  acid  remaining  may  be  dif- 
lipated,  after  which  they  found  not  the  lead  danger  of 
immediate  habitation. 

Morveau,  with  this  previous  knowledge  of  the  good  ef- 
fects of  this  acid,  applied  it  to  the  prefent  inftance  of 
the  cathedral.  He  fuppofed,  that  the  acrid  animal  oil 
of  the  putrid  effluvia,  and  which  particularly  affedled  the 
organ  of  fmell,  was  fypported  in  it's  gafeous  form  by  the 
volatile  alcali,  and  that  if  a  decompofition  could  be 
effected,  the  heavy  fetid  oil  would  fall  down  and  be  ren- 
dered inert.  The  vitriolic  acid,  formed  by  the  combuf- 
tion  of  fulphur,  he  knew  would  to  a  certain  point  ac- 
complifh  this  obje6l;  but  as  it  rifes  very  little,  and  after 
feizing  upon  the  humid  vapour,  which  it  does  with  great 
avidity,  lofes  it's  heat  and  falls  down  again,  it  was  incom-  - 
petent  to  the  taflc.  He  therefore  placed  a  glafs  vefTel 
prepared  for  the  purpofe  in  the  middle  of  the  churchy 
put  into  it  6lb,  of  common  fait  fomewhat  moiftened, 
and  poured  2lb.  of  common  vitriolic  acid  upon  it,  and 
immediately  retired.  He  informs  us,  that  he  was 
fcarcely  got  four  paces,  before  a  column  of  vapours  of  the 
muriatic  acid  had  reached  the  ceiling  of  the  church,  and 
two  hours  afterwards,  it  was  perceived  through  the  key- 
hole of  the  moft  diftant  door.  In  about  twelve  hours  all 
the  doors  were  opened  for  the  air  to  be  cleanfed  of  any 
remaining  acid,  but  there  was  no  longer  any  trace  of  pu- 
trid odour  to  be  perceived. 

The  following  year,  another  proof  of  the  fuccefs  of  the 
fame  method  was  made  in  the  prifons  of  Dijon.  We 
are  told,  that  3 1  prifoners  had  died  of  the  peftilential 
difeafe,  called  the  jail  fever,  in  lefs  than  three  months, 
and  means  had  been  in  vain  attempted  to  deftroy  the  ca- 
daverous odour,  by  burning  ftraw  in  the  prifon,  but  in 
twelve  hours  after  the  operation  of  the  muriatic  acid,  the 
fetid  odour  was   entirely  deflroyed,  the  danger  of  in- 
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habiting  it  no  longer  cxiftcd,   and  from  tliat  moment, 
the  epidemic  fever  entirely  ceafed. 

Others  who  have  been  employed  in  purifying  infec- 
tious places,  in  confequence  of  epidemic  difeafes,  re- 
commend the  fame  procefs,  and  advife  it  to  be  ufed  as  a 
precaution  every  year  to  preferve  in  particular  the  falu- 
brityof  prifons,  and  deprive  them  of  infedion. 

Another  form  in  which  this  acid  has  been  employed, 

Fourcroy.  is  in  it's  dephlogifticated  ftatc.  According  to  Fourcroy, 
whatever  care  is  taken  to  keep  anatomical  theatres  clean 
and  inoffenfive,  either  by  fprinkling  with  vinegar,  or  by 
fumigations,  it  is  found  very  incapable  of  preventing  the 
dangerous  cfFe6ls  arifing  from  a  large  mafs  of  matter,  in 
a  ftate  of  putrefa6lion ;  this  enemy  is  the  more  terrible 
to  anatomifts,  v.'hofe  occupation  is'  to  refide  within  the 
reach  of  it's  aftion,  and  the  frequency  of  accidents  from 
this  fource  every  year  is  well  known.  To  ojipofc,  there- 
fore, an  impenetrable  barrier  to  this  deftru(Slive  agent, 
to  prevent  it's  difaftrous  effecls  on  thofe  occupied  in 
anatomical  purfuits,  and  to  deftroy  the  germe  of  putrid 
and  frequently  fatal  difeafes,  which  thefe  miafmata  oc- 
cafion,  this  chcmifi;  recommends  the  oxygenated  muri- 
atic acid,  which  he  found  to  be  the  beft  fliield  againft 
the  poifon  of  all  animal  putre faction .  He  was  led  to 
it*s  ufe,  from  the  effefts  it  was  found  to  have  on  odours 
of  all  kinds.  Aromatics,  the  acid  antifcorbutic,  the 
poifonous  narcotic,  hepatic  and  fulphureous  odours, 
were  all  deftroyed  by  this  vapour,  and  as  it  a6ls  imme- 

'  diately  on  the  odorous  principle,   alters  it's  nature,  and 

changes  rapidly  the  order  of  it's  compofition,  it  was 
fuppofed,  that  it  was  likewife  capable  of  oppofing  thefe 
dangers  arifing  from  the  miafma  of  putrifying  bodies, 
and  this  chemifl;  informs  us,  experience  confirmed  the 
fuppofition,  * 
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Another  acid  which  was   firft  employed  by  Dr.  Car-  Dr.  Car- 
michael  Smyth,   to  dcftroy  the  contagion  of  the  hofpital  smyth. 
fever,  or  jail  diftemper,  is  the  nitrous  acid.     The  caufe 
of  this  fever  he  attributes  to  putridity.     As  a  proof  of 
this,  he  obferves,  that  this  difeafe  is  conflantly  produced 
where  a  number   of  people   are  fliut  up  together  in  a 
clofe  place,  without  the  greateft  attention  to  cleanlinefs 
'and  renewal  of  the  air.     Now  it  is  well  known,    that 
all  the  excretions  of  the  human  body  have  already  made 
a  certain  advance  or  progrefs  towards  putridity,  and  that 
when  placed  in  certain  circumftances  favourable  to  putre- 
fatlion,  they  foon  become  highly  putrid;  amongftthefe,  he 
thinks  none  is  more  highly  animalized  or  more  fufceptible  of 
becoming  putrid  than  the  perfpiration  or  vapour  iffuing 
from  thefurface  of  the  body  and  lungs;  hence  the  animal 
perfpiration  may  generate  contagion,  which  contagion  is 
found  to  fliow  it's  baneful  eflefts  more  quickly  and  for- 
cibly in   proportion    to    it's   quantity,    and   it's   being 
placed  in  circuinftances  the  mofl;  favourable  to  putrefac- 
tion ;   confcquently,  ia  proportion  to  the  lize  and  clofe- 
nefs  of  the  place,  the  temperature  and  moifture  of  the 
air,  and  the  additional  or  accelTory  putrid  matters  with 
which  it  is  combined;   whilft  on  the  contrar)^,   the  for- 
mation of  this  contagion  is  prevented  by  all  thofe  means 
that   renew  the  air,  and  carry  off  the  perfpiration,   or 
prevent  it's  tendency  to  putrefa6lion.     In  order  to  deftroy 
the   fceptic  nature   of    this  jail   or   hofpital   contagion, 
which  he  looks  upon   as  one   of  the  mofl  fubtile  and 
powerful  vapours  of  the  putrid  kind,  from  it's  immediate 
and  deftrufiive  effects  on  the  human  body,  feveral  ways 
were  employed.     At  firfl,   when  Dr.   Carmichael  was 
requefled  to  undertake  the  cure  of    this  difeafe,  which 
was  raging  with  great  violence  during  the  fpring  and 
fummer  of  1730,  amongft  the  Spanifh  prifoners,  confined 
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in  the  King's  houfe  at  Wincheiler,  he  found  great  be- 
nefit from  cleaning  the  parts  of  the  prifon  affected  by 
the  contagious  mailer,  wafliing  the  hammock  pofts  with 
dikited  nuirialic  acid,  and  throiving  it  by  machines  to 
the  upper  part  of  the-  pofts,  and  even  as  high  as  the 
ceiling,  at  the  fame  time  the  prifoners  were  well  waOied  ; 
but  the  moll  important  part  of  t,he  method  he  employed, 
is  the  nitrous  acid,  which  he  informs  us  he  ufed  in  two 
dilTerent  forms,  either  in  vapour  from  the  yellow  or 
fmoking  nitrous  acid,  or  from  nitre  difengaged  by  the 
vitriolic  acid  ;  by  which  pra^licc,  both  in  hofpitals,  and 
in  private  practice  for  iG  or  17  years,  he  has  obtained 
the  mod  dccifive  evidence  of  it's  effe^^s,  in  preventing 
the  fpreading  or  farther  communication  of  contagion. 
Having  found,  that  the  mod  highly  contagious  fevers  in 
hofpitals  do  not  effe6l  the  patients  in  general,  lodged 
in  the  fame  ward,  but  only  the  nurfes  or  thofe  who 
affill:  them,  or  thofe  who  lie  in  beds  contiguous  to  the 
lick,  he  has  repeatedly  prevented  the  farther  fpreading  of 
the  difeafe,  by  placing  gallipots  filled  with  the  fuming 
nitrous  acid,  betweed  the  beds  of  the  fick,  and  of  thofe 
who  were  not  yet  a(Te6led  by  the  contagion  ;  and  in 
private  praflice,  vihere  the  nitrous  acid  has  been  con- 
ftantly  ufed  as  a  fumigation,  he  has  not  known  one  in- 
flance  of  a  contagious  fever  having  been  communicated, 
even  to  a  nurfe  or  to  an  attendant.  He  is  of  opinion, 
that  the  well  known  efficacy  of  the  fulphureous  acid  in 
deftroying  contagion,  is  a  fufficient  real'on  for  it's  being 
continued  as  a  fiuiiigiition  for  clothes,  furniture,  &c.; 
but  as  the  nitrous  acid  is  attended  with  no  rifk,  or  in- 
convenience to  the  refpiration,  and  appears  of  fufficient 
efficacy  to  prevent  the  progrefs  of  the  contagion,  it  is 
the  proper  antidote  to  be  applied  in  all  fituations  where 
perfons  arc  neceflarily  prefentj  likewife  in  purifying- 
empty  hofpitals  or  prifon  wards,  or  fliips,  as  it  is  equally 
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efficacious  with  the  fulphureous,  it's  vapour  more-volatile 
and  penetrating^  and  it  does  not  leave  the  difagrecable 
fmell  which  fulphur  does,  when  burnt.  To  obtain  the 
nitrous  or  marine  acid,  in  a  Hate  of  vapour,  as  Dr. 
Smyth  is  of  opinion,  that  all  the  , mineral  acids  will 
deftroy  contagion,  and  are  much  more  powerful  than 
the  moft  concentraied  vinegar,  he  advifes  to  decompofe 
ritre  or  fait  by  heated  vitriolic  acid,  half  an  ounce  of 
which  is  put  into  a  crucible,  glafs,  china  cup,  or  deep 
faucer^  this  is  warmed  over  a  lamp,  or  in  heated  fand, 
adding  from  time  to  time  fome  nitre,  or  common  fait  j 
thefe  veflels  ought  to  be  placed  at  20  or  30  feet  from  each 
other,  according  to  the  height  of  the  ceiling,  or  viru- 
lence of  the  contagion.  In  hofpitals  or  prifons,  the 
lamps  or  vefTels  containing  heated  fand  may  be  placed 
on  the  floor ;  in  fliips,  it  will  be  better  to  hang  them  to 
the  beams  by  waxed  fdk  cords.  As  fumigating  with 
nitrous  acid  is  attended  with  no  inconvenience,  the  pro- 
cefs  fo  fimple,  and  the  materials  fo  cheap,  it  fhould  be 
employed  as  a  means  of  prevention,  for  fome  hours  every 
day,  in  tranfports  with  troops  on  board,  and  in  crouded 
hofpitals ;  and  if  there  be  any  appearance  of  cpntagion> 
the  fumigation  (hould  be  executed  with  more  care  and 
attention,  and  the  vapour  confined  for  feveral  hours  at  a 
time.  Fumigating  veflels  or  lamps  fliould  alfo  be  placed 
contiguous  to  the  hammocks,  orbeds,  ofperfons  afle6led 
with  any  contagious  or  putrid  diftemper,  and  by  fuch 
precautions  great  mifchief  may  probably  be  prevented. 

A  corroborating  inftance  of  the  efieft  of  the  nitrous  acid 
in  flopping  contagion  is  defcribed  by  the  fame  author.  The 
experiment  was  conduced  by  Menzics,  furgeon  on  board 
the  Union  hofpital  fliip,  which  contained  nearly  t\\o 
hundred  fick,  of  whom  one  hundred  and  fifty  were  in  dif- 
ferent ftages  of  a  malignant  fever,  and  highly  contagious, 
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as  appeared  from  it's  rapid  progrefs,  and  fatal  cffefts. 
The  uteafils  and  materials  for  fumigation  confided  of  a 
quantity  of  finefand,  twenty-four  great  earthen  pipkins, 
and  as  many  fmali  common  tea-cups,  with  fomc  long 
nips  of  glafs  as  fpatulas,  the  concentrated  vitriolic  acid, 
and  a  quantity  of  pure  nitre  in  powder.  The  ports  and 
fcuttles  being  clofe  fluit  up,  the  (and,  which  had  been 
prcvioufly  heated  in  iron  pots,  was  fcooped  out  into  the 
pipkins  by  means  of  an  iron  ladle,  and  in  this  heated 
fand  in  each  pipkin,  a  fmall  tea-cup  was  immerfcd,  con- 
taining about  half  an  ounce  of  concentrated  vitriolic  acid, 
to  which,  after  it  had  acquired  a.  proper  degree  of  heat, 
an  equal  quantity  of  levigated  nitre  was  added  graduallv, 
and  the  mixture  llirred  with  a  glafs  fpatula,  until  the  va- 
pour arofe  from  it  in  confiderable  quantity.  The  pipkins 
were  then  carried  through  the  wards  by  the  nurfes  dud 
convalefcents,  walking  about  with  them  in  their  hands, 
occafionally  putting  them  under  the  cradles  of  the  fick, 
and  in  every  corner  where  any  foul  air  was  fufpe6led  to 
lodge.  In  this  manner  the  fumigation  was  continued, 
until  the  whole  fpace  between  decks  was,  fore  and  aft, 
filled  v.'ith  the  vapour,  which  appeared  like  a  thick  haze. 
The  body  clothes  and  bed  clothes  of  the  fick  were  likewife 
expofed  to  the  nitrous  vapour  as  much  as  poUiblc,  the 
dirty  lintn  removed,  and  immediately  imrnerlcd  in  a  tub 
of  cold  water,  dried,  aid  then  fumigated  before  taken  to 
the  wafli-houfc,  a  precaution  very  neceffary  in  every  in- 
fectious diforder  J  due  attention  was  alfo  paid  to  cleanli- 
nefs  and  ventilation.  The  fumigation  took  up  about  an 
hour,  and  in  an  hour  afterward  the  vapour  having  en- 
tirely fubfided,  the  freih  air  was  freely  admitted  by  throw- 
ing open  again  the  ports  and  fcuttles.  The  fumigation 
was  repeated  morning  and  evening,  and  it's  pleafing  and 
inuiicdiate  efic6t  indcUroyiDg  the  oBonfivc  and  difagrce- 
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ablefmell,  arifing  from  fo  many  fick  crowded  together, 
was  very  perceptible;  and  fo  great  was  the  benefit  it  pro- 
ducedj  that  not  one  of  the  attendants  on  the  fick,  or  any 
of  the  fhip's  company,  was  attacked  with  the  diforder  after 
it  was  firft  begun. 

The  fiiccefs  of  the  fame  plan  is  likewife  further  attefted 
by  the  fubfequent  letters  of  the  fame  furgeon,  and  Baflan, 
'who  fucceeded  him  ;  and  from  a  fimilar  experiment  made 
on  board  fome  of  the  Ruffian  men  of  war. 

In  making  ufe  of  the  nitrous  vapour,  it  is  neceflary  to 
diftinguifh  that  which  is  good  from  that  which  is  hurt- 
ful. The  vapour  made  ufe  of  by  Dr.  Smyth,  by  means 
of  the  vitriolic  acid,  poured  on  nitre  in  earthen  or  glafs 
vefTels,  is  white,-  highly  dephlogifticated  or  oxygenated, 
and  mixed  with  a  large  quantity  of  pure  dephlogifticated 
air;  and  this  fume  is  not  only  not  fuffocating,  but  has  a 
pleafant  fmcll. 

The  vapour,  however,  which  arifes  in  the  ufual  pro- 
cefs  of  diftiliing  aqua  fortis,  as  it  is  done  in  iron  veflfels, 
or  which  exhales  during  the  folution  of  metals  by  the  ni- 
trous acid,  is  of  a  red  colour,  has  been  called  phlogifti- 
cated  nitrous  acid  vapour,  and  is  highly  fufFocating  and 
noxious;  fo  that  in  preparing  this  vapour  caution  muft  be 
ufed,  that  no  metallic  or  inflammable  fubftance  be  admit- 
ted to  the  acid  either  by  means  of  the  veiTels,  or  ufing 
iron  fpatulas  or  implements. 

By  this  fumigation,  therefore,  it  appears,  that  the 
procefs  is  both  fimple  and  eafy  ;  and  although  the  vapour 
is  extremely  powerful  and  penetrating,  the  fick  of  every 
defcription  are  obfcrved  to  bear  it  with  little  or  no  apparent 
inconvenience;  and  as  it  is  found  to  purify  the  air  from 
the  dii'agrecable  effluvia  produced  by  fo  many  people 
crowded  together  in  a  confined  fituation,  of  completely 
dellroying  the  offenfive  frnell,  and  contagious  matter  ari- 
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fing  from  putrid  animal  cfRuvia,  or  otlicr  animal  mat- 
ters; it  will  be  peculiarly  advantageous  on  board  of 
fickly  fliip?,  and  hofpitals,  as  v.cll  as  prifons,  where  the 
clothes  of  the  crew  or  patients  may  i:)e  fumigated  at  the 
fame  time  as  the  apartments,  without  any  rifk  of  fire.  At 
the  fame  lime  it  apjiears,  that  the  advantages  of  the  fu- 
migation are  not  only  cxpericnceil  by  thoje  in  health, 
whom  it  preferred  from  the  baneful  eflccts  of  the  fever^ 
but  the  (ick  and  convalefccnts  derived  an  almofl:  equal 
benefit  from  it ;  the  fymptoms  of  the  difeafe  were  me- 
liorated, and  loft  much  of  their  malignant  appearance, 
and  the  advantage  of  an  air  pure  and  free  from  flench 
to  convafefcents  mud  be  very  great. 

Dr.  Carmicliael  Smyth  has,  in  a  difcrlption  of  the  gaol 
dljhmper^  given  an  examination  of  the  different  means  hi- 
therto employed  todeflrov  the  gaol  contagion.  Thefche 
arranges  under  two  clafics,  viz.  the  phyfical  and  the 
ch«mical.  He  fays,  that  contagions,  whether  fpccific  or 
putrid,  are  either  checked  or  completely  deftroved  by  the 
extremes  of  heat  and  cold  ;  and  by  a  free  expofure  to  air 
and  water  are  fo  diluted  or  diffolved  as  to  lofe  their  nox- 
ious quality.  Thefe  four  are  therefore  ph^^^cal  agents.  A 
degree  of  heat  nearly  equal  to  that  of  the  oven  is  found 
necelfary  for  the  complete  deftru6lion  of  contagion,  and 
may  be  ufed  in  purifying  clothes,  furniture,  &e.  Heat 
is  likewife,  when  judicioufly  managed,  a  check  to  it's 
progrcls ;  for  as  clofenefs  and  dampncfs  are  favourable  to 
t.he  production  and  fpreading  of  contagion,  drying  and 
rarifying  the  air,  by  countera6ling  thefe,  mull  be,  at  lead 
fo  far,  proper  antidotes.  Independent,  however,  of  heat, 
•  an  open  fire,  efpeeially  where  the  fuel  is  burnt  in  a  nar- 
row flue,  is  of  great  benefit,  as  being  one  of  the  bell  ven- 
tilators. The  degree  of  cold  necefTary  to  deftroy  conta- 
gion is  probably,  like  the  degree  of  heat^  inconfiftentwitlv 
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,}ife,  and  therefore,  although  we  hear  of  contagion  having 
been  checked  or  fuppreffed  by  cold,  there  are  few  in- 
ftanccs,  if  any,  of  it's  being  completclv  deflroved  by  it. 
That  noxious  vapours  are  hurtful  only  when  concen- 
trated, and  are  harmJefs  when  difFufed,  are  fafts  univer- 
faliy  admitted  ;  and  hence  clothes,  bedding,  or  other 
things  to  which  contagion  adheres,  are  purified  by  a  cer- 
tain length  of  expofure  to  the  open  air,  or  to  a  current  of 
water;  but  as  the  time  requifite  for  this  mode  of  purifi- 
cation is  uncertain,  and  as  contagious  clothes  and  goods. 
Sic.  cannot  always  be  expofed  in  a  proper  manner,  the 
more  expeditious  means   which  chemiftry  affords  muft  ' 

be  had  recourfc  to  :  and  as  Dr.  Lind  has  very  properly  re- 
marked, that  no  ventilation  or  admiflion  of  air  or  water 
into  prifons  or  hofpitals  can  remove  or  deftroy  contagion 
when  once  prefent,  although  both  may  be  ufefully  em- 
ployed in  blunting  it's  force,  chemical  agents  are  abfo- 
lutely  neceffary.  Thefe  Dr.  Smvth  examines.  The  che- 
mical agents  hitherto  employed  for  deflroying  contagion,  • 
are, 

1.  Burning  fulphnr  with  charcoal ,  or  zvith  arfenic .  The 
vapour  from  the  burning  of  fulphur  is  remarkably  vola- 
tile and  powerful,  and  it's  effe6f  in  deflroying  contagion 
has  been  long  eftabliHied,  but  as  even  in  fmall  quantities 
it  affefls  refpiration,  producing  fuffbcation  and  death,  it 
can  only  be  employed  for  fumigating  clothes,  furniture, 
or  empty  apartments.  The  occafional  addition  of  arfenic 
feems  to  have  been  made  by  Dr.  Lind,  with  a  view  of 
increafing  the  deleterious  quality  of  the  vapour;  but  it 
appears  unneceffary,  as  the  fulphureous  acid  is  fufficiently 
ftrong,  and  perhaps  the  vapour  of  arfenic  is  too  heavy  to 
rife  with  the  acid  of  fulphur, 

2.  Burning  or  dejiagrating  nitre.  As  there  is  no  nitrous 
acid  produced,  it  can  be  of  no  ufe  except  fo  far  as  the 
oxygen  may  be  of  fervice. 
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3.  Burnifrg  gunpowder  and  [iori-fire  (one  Half  fulphur, 
one  quarter  nitre,  and  as  much  charcoal)  can  be  of  no  ufc. 

4.  Tary  tobacco,  and  Wjod  whzn  burnt  (although  Dr. 
Lind  appears  to  have  had  a  high  opinion  of  the  fecond, 
and  looked  upon  the  third  to  be  one  of  the  moll  powerful 
means  of  deftroying  contagion)  cannot  be  of  any  fer- 
vice. 

6.  Vinegar.  This,  although  much  boaftcd  of,  Dr.  Smyth 
never  faw  of  any  fervice;  but  the  fteam  when  vmited 
with  camphor  affords  a  reviving  fmell  to  patients.  Wafh- 
ing  the  furniture,  floors,,  and  walls  with  vinegar,  is  little 
better  than  common  water,  and  the  fame  may  be  faid  of 
white  wafliing,  and  oil  painting. 

The  mod  powerful  agents,  perhaps,  after  fire,  are  the 
mineral  acids,  particularly  when  in  a  Hate  of  vapour, 
with  the  different  gafes  or  permanently  elaftic  fluids  pro- 
duced by  them  j  and  as  they  are  known  to  have  a  great 
influence  over  putrefaction,  and  thofe  other  fpontaneous 
changes  which  vegetable  and  animal  matter,  deprived  of 
life,  undergoes,  they  certainly  muff  be  very  efficacious 
in  deftroying  the  gaol  contagion,  which,  according  to 
Pr.  Smyth,  is  a  vapour  produced  by  putrefaftion. 

As  the  volatile  fulphureous  acid  vapour,  though  effec- 
tual in  deftroying  contagion,  cannot  be  employed  except 
in  fituations  from  which  people  can  be  removed.  Dr. 
Smyth  made  fome  experiments  with  the  vapours. of  the 
other  acids  upon  mice,  birds,  and  upon  himfelf ;  and 
found  the  different  acid  vapours,  in  refpe6l  to  the  fafety 
with  which  they  can  be  breathed,  may  be  arranged  in 
the  follow  ins!:  order : 

1 .  The  vapour  of  nitrous  acid,  arifing  from  nitre  decompo- 
fed  hy  vitriolic  acid.  This  is  perfectly  harmlcfs  in  an\^ 
quantity  in  which  it  may  be  required,  there  not  being  the 
Icaft  rifk  in  breathing  it.  For  this  purpofe,  the  fumiga- 
ting lamps  fold  at  Moyfcr's,  in  Greek  ftrect,  Soho,  may 
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be  employed,  a  great  number  of  which  are  fold  to  the 
navy,  but  they  would  anfwcr  much  better  if  the  laucer 
was  deeper  ;  and  if,  inftead  of  a  place  for  a  lamp,  there 
was  a  box  proper  for  containing  hot  fand,  in  which  the 
faucer  might  be  placed.  This  nitrous  vapour  appears  to 
be  the  defideratimi  fought  after  by  Dr.  Lind. 

2.  The  vapour  of  nitrous  acid  in  it's  fuming Jlote,  or  when 
the  nitrous  acid  is  rnixed  zuith  nitrous  gas.  This,  thou2;h 
more  pungent  than  the  firft.  Dr.  Smyth  believes  may  be 
employed  with  the  greateft  fafety,  having  never  knov/n 
any  inconvenience  from   uling   it.     But  as  it  was  more 

ditiicLiltto   pr    cure,  and  is  attended  with  greater  trouble 
and  expenfe,  he  has  always  ufed  the  firft. 

3.  The  vapour  of  marine  acid^  arifwg  from  cojivnon  falt^ 
decompofed  by  vitriolic  acid.  This,  though  more  llimula- 
ting  and  more  apt  to  excite  coughing  than  the  nitrous, 
may  be  fafely  ufed,  at  leaft  in  a  moderate  quantity,  where 
people  are  prefent;  and  where  nitre  cannot  be  had.  Dr. 
Smyth  would  not  hefitate  to  employ  it. 

4.  The  vapour  of  nitrous  and  7narine  acids  from  nitre  and 
common  fait  hy  vitriolic  acid.  This,  on  being  heated,  was 
more  pungent  than  the  pure  marine  acid,  and  therefore 
unlefs  it  be  found  more  efficacious  in  deftroying contagion, 
fliould  not  be  ufed  where  people  are  prefent. 

5.  The  vapour  of  fidphur  burnt  with  one-eighth  part  of 
nitre.  This  can  only  be  ufed  with  fafety  when  there  are 
no  people  prefent;  hence  muft  be  foleiy  jonnncd  to  fumi- 
gating empty  apartments,  clothes,  furniture,  &c. 

6.  J  he  vapour  of  fdpkur  burnt  ivith  charcoal.  This 
fhould  never  be  employed,  as  the  carbonic  acid  may  do 
harm,  and  never  can  have  any  effect  on  contagion, 

7.  77;,?  vapour  of  oxygenated  marine  acw',  by  dijlilling  ma- 
rine acid  from  manganefe.  Dr.  Smyth  lays,  he  only. knows 
it  is  extremely  deleterious. 

u  4 
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Dr.  Smyth  found  the  marine  acid,  when  properly  di- 
luted, prt).ed  completely  efTectual  in  deftroying  the  con- 
tagion at  Winchtfter  prifon,  bv  walhing  the  hammock 
poft$,  wal  s,  and  floors  of  the  prifon  ward,  as  well  as  the 
other  f  irni  ure  with  it ;  and  in  this  refpeft  it  is  certainly 
more  powerful  than  the  moft-conccntrated  vinegar. 
French ehe-  Since  Dr.  Suivth's  experiments  upon  the  mineral 
met'noH  bv  acids,  the  French  chemifts  and  phvficians  have  publiflied 

marine  acid  ^  p^per  on  the  means  of  defiroyino;  contacjon.     It  is  en- 
vapour.  '    r  ;     o  D 

titled,  '^  hifiru5l'i'jn  fur  Ics  moyins  d'entretemr  la  falubrltc, 
tf  de  purifier  I' Air  des  Salles  lans  Ics  Hjpitaux  militaires 
dc  la  Rcpuhliquf^  fail:  au  ConfeA  de  Sante^  le  5  Fentcfe^  f  cm 
2  I  d'2  la  Republique."  From  this  mcmoire  it  appears',  the 
French  phyficianf,  inrtru6led  by  Guiton  of  Dijon,  have 
lately  made  trial  of  tlie  vapour  of  marine  acid  in  their 
hofpitals,  and  have  found  it  equally  as  effcftual  in  de- 
ftroying contagion  as  the  fulphureons,  and,  asbtingmore 
volatile,  perhaps  even  preferable  for  the  purpofe  of  puri- 
fying hofpital  wards.  They  alfo  remark,  that  in  a  fmaller 
proportion,  it  may  be  fafely  ufed  in  hofpital  wards,  even 
wherepeople  areprefent,  and  the  experiments  of  Dr.  Smyth 
prove  the  fame.  The  method  the  French  phyficians  em- 
ployed to  obtain  the  marine  acid  vapour,  is  either  by  em- 
ploying the  funnng  marine  acid^  or  the  acid  detached 
from  it's  alkaline  bafis  by  vitriolic  acid,  ufing  a  confide- 
rable  degree  of  heat  for  this  purpofe.  The  procefs  for  a 
room  containing  from  forty  to  fifty  bods  is,  after  hav- 
ino'  taken  out  the  patients  and  clofed  the  doors  and  win- 
dow-, to  heat  nine  ounces  of  niuriat  of  foda  (common 
fa't)  fllohily  moidened  \\ith  half  an  ounce  of  common 
water,  and  pour  upon  it  four  ounces  of  fulphuric  acid  or 
coiD'non  oil  of  vitriol,  having  previoufly  placed  the  ap- 
paratus in  the  middle  of  the  room.  In  an  inflant  the 
fulphuric  acid  afts  upon  the  common  fait,  and  the  ma- 
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rine  acid  expands  itfejf,  the  perfon  tciking  care  to  leave  the 
room  immediately,  and  to  lock  the  door.  In  twelve  hours 
after,  the  doors  and  windows  are  to  be  opened  to  let  the 
currents  of  air  evacuate  the  acid. 

This  is  likewifc  employed  in  the  rooms  filled  with  pa- 
tients, when  there  is  reafon  to  fufpcfl  them  of  containing 
animal  miafmata;  but  in  thefe  cafes  one  third  part  only 
of  the  above  mixture  is  employed,  or  even  lefs,  carrying 
it  into  every  part  of  the  room  where  any  infection  may  be 
fupptjfed  to  lurk.  After  the  chambers  are  fufficiently  full 
of  the  vapour,  the  apparatus  is  put  into  the  neccffaries  or 
privies, to  decompofe  or  neutralize  any  bad  or  putrid  exha- 
lations thev  may  contain. 

Van  ]Mo«s,  in  a  report  made  to  the  Society  of  INIedi-  Van  Mens., 
cine,  a.t  BrutTels,  with  refpecl  to  the  means  neceflary  for 
purifyino;  the  air  in  the  apartments  of  the  fick,  oppofes 
the  method  of  fumigation,  as  it  dimimflies  the  refpira- 
ble,  and  adds  to  the  unrefpirable  air ;  in  general,  he  found 
the  air  in  fuch  apartuients  lo  confiil  of  abundance  of  car- 
bonic acid,  hydrogen,  oxygen,  and  azotic  oafes  ;  fome- 
times  a  llille  ammoniacal  gas,  and  a  peculiar  emanation, 
called  contagious  m'lafma,  which  appears  to  liini  to  be  a 
})eculiar  combination  of  hydrogenous  carbonic  acid  p;as, 
holding  in  folution  animal  fluids  very  little  known.  Tht; 
hydrogen  gas  contains  almoft  always  in  folution  pure 
carbon,  phofphorus,  kc.^  from  which  the  difagreeable 
odour  arifes.  The  carbonic  acid  would  form  a  much, 
more  coniiderable  part,  according  to  tbis  chcmift,  were 
not  this  gas  continually  neutralized  by  the  ammonia 
evolved  in  all  difeafts  where  animal  fubflanccs  contaiiung 
azot  are  decompofed.  Hence  the  contradiction  of  thofe 
who  luppofe  air  to  contain  carbonic  and  ammoniacal 
gafes  at  the  fame  time,  and  the  abfurdity  of  expofing  vef- 
fels  filled  with  quicklime  in  the  apartments  of  the  fick, 
wiiich  takes  away  the  carbonic  acid  gas,  and  leaves  the 


298  PUTREFACTION. 

ammoniacal.  Among  the  beft  means  of  purifying  m- 
fcftcd  air,  this  chcmid  clafTes  vaporized  water,  which 
incommocles  the  patient  lefs,  and  deprives  air  of  it's  pu- 
trid c'flluvia  better  than  the  muriatic  or  acetous  acid,  or 
than  fpirits,  being  a  better  folvent  than  thcfe.  The  ful- 
phureous  gas  he  thinks  might  decompofe  the  miafmata 
by  giving  them  a  portion  of  it's  oxygen,  but  it  leaves  be- 
hind it  an  oxydof  fulphur,  the  fniell  of  which  is  very  of- 
fcnfive;  hence  oxygenated  muriatic  acid  is  preferable. 
(Annal.  de  Ch.  vol.  29,  p.  99.) 

With  refpe6l  to  the  offenfive  fmell  of  different  places, 
fuch  as  privies,  night-chairs,  &c.,  an  objeft  of  fuch  con- 
fequence  with  rcfpedl  to  health  and  comfort,  the  pioft 
cheap  and  effeftual  means  of  deftroying  it  is  the  follow- 
ing :  If  a  certain  quantity  of  milk  of  lime  (water  in  which 
lime  has  been  recently  (lacked  and  poured  offprevious  to 
it's  fettling)  be  mixed  with  a  ley  of  a(hes,  or  even  foapy 
water  that  has  been  ufed  for  wafliing,  and  thrown  into 
the  fmk  of  a  privy,  or  other  convenience  for  the  fick 
room,  it  will  immediately  deftroy  the  offenfive  odour.  It 
is  obvious  that  a  more  fimple  method  is,  to  mix  a  few 
pounds  of  quick  lime  with  a  fmall  quantity  of  wood  aflies, 
and  a  bucket  of  water. 

The  fpirit  of  energy  which  the  pneumatic  method  of 
confidering  the  caufes  of  peftllence  has  introduced,  has 
already  created  a  formidable  oppofition  againft  fumiga- 
tions, and  the  defl:ru6lion  of  contagion  by  acid  vapours. 
Dr.Trotter.  Dr.  Trotter  informs  us  thatfevcral  vears  ago,  or  in  1703, 
he  had  no  faith  in  the  fumigating  procefs,  and  that  the 
acid  vapours,  particularly  the  nitrous  gas,  niuil  be  preju- 
dicial to  thofe  who  are  expofed  to  them. 

The  offenfive  effluvia,  fo  dif:igreeable  to  the  fmell,  which 
the  acid  is  to  defirov,  are,  according  to  Dr.  Trotter,  ful- 
phurated  hydrogenous  gas  (hepatic  gas), the  aerial  produft 
of  foecal  matter,  and  fuch  as  afcendi  from  privies  j  phof- 
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phorus  and  carbon  may  alfo  be  mixed  with  it ;  the  nitrous 
gas  certainly  decompounds  it,  and  fulphur  is  precipitated 
and  the  fmell  vaniflies.  In  the  fame  wav  the  nitrous  acid 
alters  the  effluvia  of  the  confluent  fmali  pox,  when  they 
approach  bevond  maturity;  and  alfo  the  offenfive  matter 
of  large  (loughing  ulcers,  which  do  not  materially  differ 
from  the  vapours  arifingfrom  the  faecal  mafs.  The  nitrous 
tras,  accordinp'  to  the  fame  auhor,  decompofes  the  car- 
bonic fulphurated  hydrogenous  gas  of  gunpowder  fu- 
mio-ation,- and  takes  away  it's  fmell;  the  oxygen  of  the 
nitrous  ^as  combines  with  the  hydrogen,  and  forms  wa- 
ter, and  the  fmall  portion  of  azot,  with  the  fulphur  and 
the  carbon  fufpended  in  the  hydrogenous  gas,  is  precipi- 
tated, and  the  fm.cll  difappears;  but  Dr.  Trotter  thinks, 
that  the  nitrous  gas,  when  employed  againft  contagious 
effluvia,  not  only  adds  nothing  to  the  improvement  of 
the  qualities  of  the  air  which  fupport  life,  but  that  it  is 
introducing  a  fubftance  that  takes  away  part  of  the  re- 
maining oxygen  of  the  atmofphere,  and  the  different  per- 
fumes ufed  as  fumigations  render  the  air  more  noxious, 
by  giving  out  hydrogenous  gas.  He  thinks,  that  although 
the  aromatic  vinegar  of  the  Edinburgh  Difpenfary,  vul- 
garly called  the  vinegar  of  the  four  thieves,  is  of  all  per- 
fumes the  moft  grateful,  yet  it's  effeiils  on  the  atmo- 
fphere cannot  be  great,  and  vinegar,  which  he  fufpe6i;s 
gives  out  oxygen  by  evaporation,  had  better  be  ufed  alone. 
He  fuppofes,  that  by  the  fumigating  procefs  of  Dr.  Smyth, 
the  very  fubftance  is  introduced  which  ought  to  be  avoid- 
ed, and  which  is  the  vehicle,  if  not  the  noxi.us  caufe 
itfelf  (the  fepton  of  Dr.  Mitchill),  and  the  •cxperimeiits 
ofReilly,  Browne,  and  Moffat,  on  board  different  vef- 
fcls,  he  thinks  have  confuted  the  practice  of  it  as  a  fumi- 
gation. He  looks  upon  the  noxious  jjafes  evolved  from 
excretions  of  the  fick  to  be  the  vehicles  of  the  infetTtion  ; 
and  he  confiders  heat  as  one  of  the  moft  powerful  correc- 
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tors  of  contagion  ;  it  rarifies  foul  air,  or  that  fpoilfd  by 
refpiration  in  crowded  apartments;  applied  to  fiihftances 
imbibed  with  animal  miafma,  it  will  cither  diflipate  it 
or  convert  it  into  an  inert  mafs,  fo  as  to  be  harmlefs ;  it 
will  dry  np  moifliire,  and  above  all,  it  is  ufeful  as  a  ge- 
neral ftimulus  to  the  body,  bv  keeping  it  warm,  and  thus 
fortifying  it  againfl  cold,  which  fo  evidently  tends  to  dif- 
pofe  it  to  receive  infe6lion  :  hence  the  whole  prefervative 
means  are  comprifed  in  the  removal  of  the  fick,  clean- 
linefi,  fires,  and  ventilation.  It  is  evident,  that  the  opi- 
nion of  Dr.  Trotter  is  the  fame  as  that  ofDr.  Mitchill 
refpe£ling  the  ufe  of  nitrous  acid  gas,  who  looks  upon  it 
to  be  themoft  prepoflcrous  and  ill-contrived  method  that 
can  enter  the  mind  of  man.  Such  are  the  principal  me- 
thods that  have  been  employed  to  deftroy  the  putrid  exha- 
lations arifing  from  the  decompolition  of  animal  and  ve- 
getable fubftances,  and  which  are  called  mlojmatd. 
Conclufion.  Condufton,  There  now  remains  to  recapitulate  the  prin- 
cipal fa6ls,  and  to  conclude  the  fiibje61;  of  putrefaiSlion. 

Upon  recalling  to  mind  the  principal  phenomena  at- 
tending fpontancous  decompolition,  it  has  been  feen, 
that  animal  matters,  which  are  compofed  of  hydrogen, 
carbon,  oxygen,  and  azot,  and  which  are  often  Hill  more 
complicated  by  the  union  offulphur,  phofphorus,  Sec, 
on  being  deprived  of  life,  and  of  that  conllant  adion 
and  renewal  of  their  component  parts,  that  appear  to 
conflitute  it,  foon  begin  to  change  by  the  more  iimple 
attractions  taking  place  between  each  of  their  principles, 
which  tend  to  unite  by  pairs.  Tliis  gives  rife  to  binary 
compofiiions,  fuch  as  carbonic  acid,  nitric  acid,  innmo- 
nia,  and  carbonated  hydrogenous  gas,  which,  on  being 
»  difengaged  by  degrees  into  the  atmofphcre,  diminifli  in 
proportion  the  mafs  of  animal  matters.  Hence  it  is  in 
confequencc  of  this  natural  dccompofition,  that  thcfe 
matters  are  obfcrved  to  become  fofl,  to  change  their  co^ 
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lour,  their  odour,  lofe  their  texture,  form  and  diftribute 
vapours  andgafes  into  the  furroundingelement,  which  ferve 
other  bodies,  particularly  vegetables,  with   the  neceflary 
materials  for  their  formation  ;  or,  under  certain  circum- 
ftances,  are  converted  into  the  moft  deadly  poifons.    All 
the  phenomena  attending  the  putrefa6lion  of  animal  fub- 
flances  are  derived  from   the   above  fources.     From  the 
union  of  the  hydrogen  with  the  azot,  arifes   the  forma- 
tion of  ammonia,  which  has  been  looked  upon  as  the 
principal  produdt  of  putrefaction.     The  combination  of 
carbon  with    oxygen,  explains   the  formation  and    dif- 
engagement  of  carbonic  acid,  which,  on  it's  firft  difcovery, 
was  fuppofed  to  explain  all  the  myfteries  of  putrefaftion. 
The  nitric  acid,  to  the  formation  of  which  animal  matters 
are  known  to  contribute  fo  much  in  the  manufactures  of 
nitre,  arifes  from  the  union  of  the  azot  with  the  oxygen, 
whilft  a  certain  quantity  of  hydrogen  gas  being  difengag- 
ed,  and  carrying  with  it  carbon,  fulphur,  and  even  phof- 
phorus,  is  faid  to  create  that  variety  of  putrid  odours,  and 
that  phofphorefcent  light  obferved  in  all  animal  fubllan- 
ces  during  the  putrefa6live  procefc. 

Tliefe  volatile  principles  being  united  in  pairs,  and  ex- 
panded through  the  almofphere,  there  only  remains  a 
little  carbon  united  or  mixed  with  fome  faline  matter,  as 
the  phofphats  of  foda  and  lime.  Sometimes  it  happens, 
that  even  the  acid  of  thefe  falts  is  decomposed,  and  it's 
radical  feized  by  the  hydrogen,  fo  that  nothing  more  is 
found  than  the  alkali  or  the  earth  which  ferved  for  abafis 
united  to  carbonic  acid.  Thefe  relidua  form  a  fpecies  of 
earth,  caWed  animal  earthy  that  often  retains  a  little  ful- 
phurous  and  carbonated  hydrogenous  gas,  a  little  oily 
matter,  and  an  extraft  in  which  the  vegetable  creation 
finds  abundance  of  materials  neceffary  to  their  increafe, 
which  is  the  reafon  why  this  animal  refiduum  is  found  « 
to  be  fo  beneficial  as  a  manure. 

A  certain  quantity  of  water,  it  has  been  obferved,  h 
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neceflary  for  the  putrid  deconipofition;  according  to  Four- 
crov,  and  feme  otthe  French  chcniiftSj  it  furnifhcs  the 
quantity  of  oxygen  for  the  formation  of  the  carbonic  and 
nitric  acids,  and  it  contributes  fingularly  to  the  putrefac- 
tive procefs,  by  it's  affinities.  They  look  upon  the  hy- 
drogen Ukcwife,  arifing  from  this  deconipofition  of  water, 
to  contribute  it's  part  in  forming  ammonia,  fince  it  is  a 
well  known  iack,  that  when  animal  matters  are  rendered 
more  dilute  by  a  large  proportion  of  water,  they  afibrd, 
during  their  decompofition,  ammonia  in  great  abun- 
dance. 

Putrefa6lion  confifting  in  a  fucceflTion  of  particular  at- 
tra6lions,  and  forming  new  combinations ;  it  is  evident, 
that  all  exterior  circumftances,  as  temperature,  a  dry  or 
moift  atmofphere,  the  fituation  of  the  matters,  the  me- 
dium in  which  it  is  carried  on,  Sec.  will  caufe  a  variety  in 
it's  effe(9;s  ;  hence  bodies  that  are  fufpended  in  the  air, 
inhumed  in  the  earth,  or  plunged  in  water,  will  undergo 
various  modifications  in  their  decompofition,  which  will 
likewife  be  diverfified  by  their  quantity,  their  mafs,  their 
connexions  with  neighbouring  bodies,  and  other  agents, 
the  number  and  activity  ofwhich  are  at  prefent  unknown. 

Hence  bodies  cxpofed  to  the  air  are  foon  dccompofed, 
or  if  inhumed  in  an  ifolated  fl:ate,  furrounded  by  a  large 
quantitv  of  earth,  they  are  foon  deftroyed,  and  their  aeri- 
form or  liquid  products  are  abforbed  either  by  the  atmo- 
fphere, or  the  foil  around  them,  whilfi:  on  the  contrary, 
when  heaped  together  in  mafies,  in  a  deep  earth  that  has 
been  faturatcd  to  excefs  with  the  effluvia  and  volatile 
products  of  putrefaftion,  it  can  no  longer  influence  their 
decompofition  •by  it's  difpofition  to  receive  ot*  favour  the 
new  combinations  that  take  place;  hence  thev  remain  a 
long  time  undeflroycd  j  the  animal  matter  is  wholly  con- 
verted into  ammonia,  and  a  concrete  oil,  forming  a  foap, 
as  difcovered  by  Fourcroy  in  the  churchyard  of  the  In- 
nocents. 


PUTREFACTION.  SOS 

The  phenomena  of  decompofilion  of  bodies  plunged  in 
water  are  ftill  different,  for  in  proportion  as  new  pro- 
du6ts  are  formed,  the  \i'ater  diflolves  them  and  diftributes 
them  into  the  atmofphere.  -A  continued  humidity,  with 
a  prevailing  temperature  of  a  few  degrees  above  zero,  fa- 
vours the  putrefaftion,  and  the  folution  of  thefe  matters 
into  a  gafeous  form  ;  on  the  contrary,  a  dry  and  hot  air, 
by  evaporating  the  water,  dries  animal  bodies  and  con- 
verts them  into  mummies,  in  the  fame  manner  nearly  as 
the  fands  of  Cgypt. 

Although  the  numberlefs  varieties,  which  the  pheno- 
mena attending  putrefaction  prefent  to  the  obferver,  are, 
at  prefent  undefcribed,  and  even  unknown,  yet  the  grand 
purpofe  to  which  thev  all  tend  is  evident ;  life,  contrary 
to  the  chemical  affinities  which  the  component  parts  of 
bodies  have  towards  each  other,  had  forced  them-  into  or- 
ganized combinations;  but  being  deprived  of  this  prin- 
ciple, they  refume  again  the  affinities  they  were  deprived 
of,  and  by  means  of  putrefaftion  become  united  into 
lefs  complex  forms.  This  procefs,  without  which  both 
animal  and  vegetable  bodies  would  remain  ufelefs  and 
inert,  reduces  them,  therefore,  to  the  materials  of  which 
they  were  compofed,  in  order  to  form  a  new  creation, 
and  whilft  it  attefts  the  fmiplicity  and  grandeur  of 
the  operation,  it  exprelTes  the  fecundity  and  power 
which  are  fo  well  comprehended  in  the  philofophical  ex- 
preflion  of  Beccher,  the  ch'cu/us  ccterni  ?n4us,  by  which 
he  meant  to  pourtray  the  never  ceafing  a6livity  of  nature. 

Boerhaave  Elementa  Chem.  p.  251.  t.  2.  —  Gaber 
Nachricht  von  angeftellten  Verfuchen  iiber  die  Faulnifs 
thicrifcher  Safte,  Hamb'.  Mag.  t.  4.  s.  484. — Joh.  Bohn 
Differt.  chymico-phys.  occ.  der  Faulnifs.  t.  2.  1GS5. 
Leips.  —  ^'pey  Wahrnchmungen  iibcr  einige  Faulniis 
befordernde  und  verhmdernde  fubllanzen  in  Crell's  N.  E. 
t.  7.  s-  l63. — Fourcroy's  Elemens  de  Chimie.  art.  Pu- 
trefaction dc3  Subftances  Animal,   t.  4.  —  Macquer's 
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Woerterbuch,  art.  Fanlnifs. — Encyclop.  MJth.  t.  1.  p. 
79,  101,  163,  4. — Remarks  on  the  origin  of  Vegetal)le 
Fixed  Alkali,  with  fonit;  collateral  Obfcrvations  on  Nitre, 
by  M.  Wall,  M.  D  Mancheftcr  Mem.  v.  2.  p.  67. 
1789. — M-moirc  fur  la  Nature  des  Fluids  elafliquta 
aeriformcs  qui  fedcgagentde  quclqucs  Maiiercs  animalcs 
en  Fermentation,  par  M  Lavoifier,  Mem.  de  I'Acad, 
1782. — Macbride's  Experimental  Eflavs.  London,  1767. 
Buckholz  Verfuche  liber  einige  der  neueftcn  anheimiU 
chen  antifept.  Subftanz.  Weimar.  1776.-i-Brugnatclli 
iibcr  die  Faulung  thierifchcr  Thcile  in  verfehieden  Luft- 
arten,  Crell's  Chem.  An.  17S7. — Gardani,  EflTai  pour 
fervoir  a  I'Hiftoire  de  la  Putrefadion.  Paris,  I766. — 
Nicolai  de  Putredine.  Jen.  1 769. — Crell's  Verfuche  iibcr 
die  Faulnifs.  Chem.  Journ.  t.  1.  s.  158. — Ker's  Che- 
mical Diet.  I.  p.  p.  192.  Birm.  I769. — Mem.  fur  Ic? 
differens  Etats  des  Cadavres  trouves  dans  Ics  Fouillcs  du 
CImetiere  des  Tnnocens  a  Paris,  en  1786  Sc  87.  par  M. 
Fourcrov.  An,  de  Ch.  t.  5.  2d  Mem.  torn.  8. — Sur  \m 
Changenientfingulicr  operedans  un  Foie  humain,Encyi^I. 
Meth.  t.  2.  p.  567. — On  the  Converfion  of  animal  Sub- 
..  fiances  into  a  fattv  Matter,  refembling  Spermaceti,  by 
G.  S.  Gibbi,  B.  A.  Phil.  Trans.  1794  &  95.— Philo- 
fophie  Chimique  par  M.  Fourcroy.  Brux.  An.  3.  p.  126. 
— Mem.  fur  la  Nature  du  Cerveau  8c  fur  fa  Propriete  de 
fe  confcrver  lono-temps  apres  toutes  les  autres  Parties, 
qui  fe  decomnofenl  au  Sein  de  laTcrre,  par  M.Thouret, 
Journ.  de  Phys.  p.  329-  1791- — Macqucr's  Wcerter- 
buch  von  Loonhardi.  B.  7.  art.  Einbalfamircn. — Mi- 
moire  fur  les  Moyens  de  preparer  les  Q-iadrupeds  8c  les 
Oifeaux  deftines  a  former  des  Col!e£lions  d'Hilloire  Na- 
turelle,  par  M.  Pinel,  M.  D.  Journ.  de  Phy.  fem.  2. 
p.  138.  1791. — Procede  pour  durcir  les  Subftances  ain- 
males,  molk-s,  pulpeufc-s  on  muqueufcs,  8rc.  par  M  = 
Fourcn.'y.  la  Mcdecinc  eclairec. 
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on  green  forag^e                    -                  -                  -  36l 

hepatic                   -                   -                         -  oOl 

• —  urinar}',  compofcd  chiefly  of  lithic  acid     -     II.      S6 

more  common  tiian  any  other       -  2SS 

differ  little  in  their  component  parts  288 

their  external  properties                   -  289 

■ opinion  of  the  ancients  rcfpc(fting  290 

attempts  to  decompofe  in  the  bodj-  291 

-' fuppofed  to  be  calcareous               -  29'~ 

• diftillation  of                  -                  -  292 

■ foluble  in  water              -                   -  294f 

in    concentrated    vitriolic 


acid                   -              -                   -  -           -  294! 

in  nitrous  acid  -  29-5 

ill  vinegar  -              -  297 

in  citric  acid  -              -  297 


various  folvents  of  -  297,  308 

limewater  long  recommended  as  a 

lithrontriptic  -  _  .  .  097 

dilTolved  bv  caultic  alkalis  -  'C^S 
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Citlculi,  biliary,  dilTolvcd  by  carbonated  water        -  298 

.what  -  -  -  298 

matter  of,  in  all  urine  -         -  300 

analyfis  of     300,  303,  306,  313,  317,  322 

caiillic  fixed  alkalis  the  only  proba- 
ble folvents  of  -  -  -  -  -  302 

. .  fufible  fpccies  of  -  302,  308 

■ mulberry  -  305,  309,  324 

. ■ bone  earth  -  -     307,  3(-9 

remedies  for  -  -  -  SOS 

their  fpccies  may  be  afcertained  by 

means  of  the  urine  _  _  .  309 

• contain  a  peculiar  animal  oxyd  310 

of  the  dog  -  -  -  310" 

■ — ■ ■ analviis  of         -  -'  317 


of  the  rabbit  -  -  SIS 

urinary,  of  the  liorfe  -  -     II.  318 
fubftances  difcovered   in   by   Four- 


croy  and  Vauquclin  _  _  _  322 
clafiilication  of,  according  to  their 


component  parts  _  _  _  323,  C>'25 

animal  matter  forms  their  ccmciit  S2,> 

of  the  pig  -  -  '3^27 

ftate  of  the  urine  in  perfons  atToel- 


ed  with              -----  425- 

renal                    -                   -              -             -  327 

r common  to  different  animals                -  329- 

(,i  the  horfe              -              -      .          -  329 

— of  the  cat                  ...  3;30 

arthritic,  fi^mfifl  chiefly  of  lithic  acid          -  II,      86' 

contain  uric  oxyd  -  311,  310' 

. confidered  as  chalk              -          -  3.31 

_ _  fuppofed    analogous     to    urinary 

calculi                   -                   -                   -                 -  331 

■■ ■ — ■ with  water  form  a  folid  body  like 

gypfum              -                    -                   -                   -  331 

anaJyfis  of                   -                   -  331 

Y  3  , 
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Calculi,  urinary,  tlifferent  from  urinary 

— litliiat  of  foda 

• of  the  pineal  gland 

■ of  the  proftate  gland 

■ flomatici,  fee  Bezoar, 

■ inteUinal 

• of  a  horfe 


—  falivary 

—  mufcular 

—  of  the  pancreas 
--  pulmonary 

—  uterine 
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I.  278,  ' 
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repulfive 
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III. 
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II. 

429 

- 

I. 

252 

- 

II. 

4 

- 

473 

elatin 

I. 

8(5 
319 

- 

333 

- 

II. 

21 

Calf,  flefh  of,  examined   . 

' —  fee  Veal. 

Caloric  of  Lavoifier's  fyftem  nothing  but  a  repulfive 
motion  -  - 

Camel,  urine  of  the 

Cancer,  pus  of  - 

Candles,  made  of  fpermaceti 

Cantharides 

Carbon,  quantity  of  in  blood 

Carbonat  of  lime,  not  accompanied  with  gelatin 

• found  in  bones 

Carbonic  acid  gas,  fvveetens  rancid  fat 

■ ■  water  containing  it  diflblves  cal- 
culi                 „  _  _  ,  ops 

■ produced  in  refpiration  III.  46,  47 

■ —  it's  effeft  on  venous  blood         -  74 

has  no  effect  on  arterial  -  75 

' experiments    on     the    quantity 

formed  during  refpiration  -  -  108,   112 

• attempt  to  breathe  --        -  185 

• it's  proportions  in  the  alimentary 

canal  very  variable  -    .1"  -  -  205 

produced  by  putrefa6lion  -  227 

Carminati,  his  experiments  on  the  gaftric  juice  of 

the  carnivorous  clafs  of  animals  -  I,   181,   194 


Carminati,  his  experiments  on  the  gaftric  juice  of 

graminivorous  nonruminating  animals  I.   182 
on   that   of    omnivo- 
rous             -                  .              _          _                  _  182 
. on  that   of  the  grami- 
nivorous ruminating             -                -                  -            18-t 

■■ ■ ■  on  the  gaftric  juice  as 

a  medicine  -  -  -  -  1.97 

Carmine,  preparation  of  -  -  -     II.  278 

Carradori,    his  experiments  on  digeflion  -       I.  207 

• ■  on  phofphorcfcent  light    II,  234 

Cartilage  of  the  joints  foluble  in  water  -  I.  319 

formation  of  bone  from  -  332,  33iS 

of  the  bones  examiyed  ~  -  337 

prsdominant  part  of  it's  tiflue  -         -  340 

Cafeous  matter  of  the  liquor  amnii  I.  273,  III,  266 

Caftor  -  -  -  -        11.  216 

■ analytisof  -  -  -  2l6,  218 

contains  a  pure  alkali  -  -  217 

refin,  in    which    it's    virtue    refides,  analo- 
gous to  that  of  the  bile 

■ the  produce  of  the  beaver  i- 

true  and  falfe,  their  diflerence 

Cat,  renal  calculi  of  the 

Cauftic,  advantageous  method  of  applying 

different  kinds  of 

Cavallo's  examination  of  the  blood 
Cement,  a  very  hard  one  formed  by  lime  and  albu- 
men - 
Chalk,  ftrata  of,  not  formed  from  bones 
Chandler,  his  opinion  of  the  origin  of  the  plague 
Chappe,  his  experiments  with  filk 
Chaptal,  his  experiments  on  the  human  ikin 

■ •  his  obfervations  on-tanning 

his  foap  -  ,        - 

his  experiments  and  hair  and  wool 

his  method  of  preferving  animals 

Y  4 


- 

218 

- 

218 

- 

219 

•  11, 
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.  255 

256 

39 

14 

335 

III. 
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I. 

397 

297 

297 

320, 

387 

387 

III. 
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Chaulnos  f duke  de)  his  method  of  obtaining  niicro- 

cofmicfalt  -  -  -  -     II.  39 1 

ChauCTier,    difcovered  the  bombic  acid  -  SI 

' his  method  of  prefcrving  anatomical  fub- 

JQ&s  -  .  _  .    HI.  21-7 

Chcefe,  fiippofed  by  Schcole  to  be  an  impure  albu- 
men -  -  -  ■>         I.    l^ 

made  from  curd  of  milk  -  -  111 

~ known  to  the  ancient  Scythians  -  1 1(> 

Greeks    and    Romans    before 

butter  -  -  -  -  ll6 

• of  great  antiquity  -  -  -  117 

—  fingular  circumftance  refpefting  the. milk  fit 


for  it                  -                  -  -                      -  lis 

befl  kinds  of  anciently  -                 -  118 

rennet  beft  for  making  -                 -  '  126 

action  of  alkalis  on  -              -             -  153 


acids  on                     -  -  154' 

the  beft  Engli/h              -              -  -  155 

^  goat's  milk                  _                  -  _   l62,  l63 

Roquefort                   .                    _  _  -[(^(^ 

Chemiftry,  modern,  revolution  in               -  -      I.  3, 

• capable  perhaps  of  difcovering  the  laws 

of  our  exiftence                  _                  _  .  m,  oq 

• may  enable  us  to  dcflroy  our  paius  and 


incrcafe  our  plcafures  -  -  -  26 
Chemifts,    old,  their   method  of  analyfing  animal 

fubftances                  -              -                  -               -  I.       3 

modern,  their  improvements                     -  3 

Chenier,  his  examination  of  the  falivaof  the  horfe  2.38 

Chefclden,  rightly  afcribed  digeftion  to  a  menftruuni  201 

Children,  contents  of  their  ftomachs  often  four  ipo 
Churchyards,  adipocerous  matter  rcfcmbling  fper- 

maccti,  produced  in  -  -  '  -  II.  7 
Chyle,  conjecture  of  Sylvius  rcfncciing  it's  convcr- 

fion  into  blood  -  -  -  I.  ISi 
fimilar  in  all  animals                  -                   -  211 
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Chyle,  confifts  of  three  parts                 -                 I.  211,  213 

takes  up  certain  fubftances              -                -  212 

not  formed  in  the  ftomach                    -              212,  214 

milk  approaches  it  in  nature                     -  212 

when   mixed  with   the  blood  aded  upon  by 

refpiration                  -                  -                  _             m  215 

■ — furnifhes  the  principle  of  carbon         -           -  2l6 

Chyme,  what             -               -                  -                  -      I.  202 

the  fame  from  animal  and  vegetable  food  207 

Cigna,  his  hypothelis  pf  refpiration                -             III,  40 

— - —  of  the  colour  of  the  blood  66 

Cinnabar,  how  converted  into  vermilion  -  I.  82 
Citric  acid,  it's  adtion  on  urinary  calculi  -  II.  297 
Civet  -  .  -  _  220 
Clarifying  liquors,  ufe  of  albumen  in  -  -  453 
Clennel,  his  account  of  the  method  of  making  glue  I.  315 
Coagulum  of  blood  -  -  I.  28,  65 
• differs  from  ferum  only  in  con- 
taining iron  -  -  .  _  28 
examination  of              -              -  46 


^aufes  of  it's  produdion  65,  70 

—  adion  of  heat  on  it  -  67 

■ reagents  on  it  -  68 


examined  by  dillillation  -  68 

__» ^ it's  produdion  explained  -  70 

Hate  of  in  inflammatory  difeafes  88 

in  fcurvy             _  _  f)5 

it's  appearance   affeded  by  the 

circumftances  of  venefedion                 -  -  97 
of  milk,  fee  Curd  and  Cheefe. 


Cobalt,  phofphat  of                 -  -               -         11.141 

Cobra  dc  capello,  poifon  of  the  -                  -  1<)8 

Coccus  polunicus                   -  -                    -  285 

where  collected  -            -  285 

compared  with  kormcs  -  2S5 

Cochineal                  -                  -  -               -  260 

' where  found                  .  _               _  26O 
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Cochineal,  it's  varieties 
. properties  of  tlie  beft 


—  experiments  of  Berthollet  on 

—  cflfedls  of  reagents  on 

metallic  and  earthy  bafes  on 

—  dyeing  filk  with 
cotton 


carmine  prepared  from 
compared  with  kermes 
lac 


II. 

«6i 

- 

262 

262 

264. 

270, 

274 

275 

276 

278 

281 

284 

I. 

245 

III. 

292 

Cold,   fecretion   from  the    nofe  ifi  the   difeafe    fo 
called  _  -  -  - 

•— —  extreme,  deftroys  contagion 

Cole,  difcovered  the  tyrian  purple  fifli  on  our  coafts  II.  256 

Coloflrum  primum                  -                  -                   -  I.   141 

Colouring  matter  of  the  blood             I.  48,  72,  11,  85,   102 

' • —  attradion  of  the  external  parts  for  408 

■  of  different  animals                   -  II.  222 

■ ^ it's  variety  in  them                  -  244 

• • — ■ •  moft  rich  and  beautiful  extraded 

from  animals                  -                    -                      -  245 

■ on  what  it  depends           -              -  245 

does  not  reflect  light                      -  246' 

• • •  always  tranfparent             -          -  2b(i 

pofiefTes    diftinguifliing    chemical 

properties                 -               -                 -             -  251 

two  kinds  of                 -                 -  251 

■ of  the  tyrian  purple  fifli                -  252 

of  various  fliell  fifh              -         -  257 

infecls  -  259,  285 


■ cochineal  -                    -  260 

kermes               -  -              -  278 

-■ ■ —  lac                  -  -                  -  2S2 

• the  coccus  polonicus  -.  285 

= of  animals,  more  fplendid   than 

that  of  vegetables                  -  .  -                -  4f)3 

Combuftion,  fpontancous,  of  wool  -             -      I.  39c 
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Combuftion,  refpi ration  a  perfeft,  though  flow  III.  105 

rapid  animal,  extraordinary  cafes  of  107 

Concretions,  animal  -  -  -       II.  288 

ufe  of  their  analyfis  -  288 

thofe  found  in  the  ftomach  con- 

fift  wholly  of  vegetable  matter  -  -  320 

Conradi,  firft  difcovered  the  fpermaceti  in  gallftones  35$ 

Contagion,  diftinguiflied  from  infeclion  -      III.  Q6^ 

of  peftilential  difeafes  -  -  270 

epidemics  never  propagated  by  -  271 

■ how  communicated  -  -  273 

fumigations  ufed  againft  282,  285,  287,  293 

Convulfive  difeafes,  urine  deftitute  of  ure^  in  II.  424 

Cookery,  art  of  -  -  -       III.     IS 

Copper,  may  be  oxided  blue  by  acids  -  II.     17 

phofphat  and  phofphure  of  102,   103,  141 

Coral,  analyfis  of                 -  -                  -     I.  372 

Coralline,  analyfis  of                 -  -                362,  3g9 

Cotton,  experiments  on  dyeing  with  cochineal              II.  276 

Coulomb,  his  experiments  on  filk  -                  I,  404 

Cow,  milk  of  the                   -  -                    -  138 

■ it's  properties             -  -             »  138 

effefts  of  reagents  on  -                -  139 

■ diftillation  of                  -  .     -              -  140 

— ^^ it's    quantity  diminiflied  by    change    of 

food                  _                  .                   .  -  141 

■ beaftings                 _               _  _  141 

■ cream  of                 -                 -  -  142 

Anderfon's  obfervations  on  143 


alTected  by  eledricity  -  -  144 

butter  of                 -  -  -  145 

fKimmed                  -  -  -  151 

cafeous  matter  of  -  -  153 

whey  of                  -  -  -  154 

cheefe  of                 -  -  -  155 

management:  of,  with  refpect  to  it's  milk         -  177 

lupior  amnii  of  the             -  -  -  274 
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Co^v,  peculiar  animal  matter  in  it's  liquoi  amnii  I.  27.'5 

urine  of  the              -              -                   _  .      |j    ^og 

converted  into  fatty  matter              -  -     HI.  265 

Cow-dung,  aromatic  water  diftilled  from  -         II.  202 

Crabfhells,  contain  phofphat  of  lime                  -  I.  359 

Crawfifli,  flefl)  of                    -                   -  -           280 

broth  of                  -                    -  -            281 

their  Ihells  contain  phofphat  of  lime  359 

Crawford,  his  experiments  on  cancer  -           252 

— —  theory  of  the  colour  of  the  blood  III.     70 

■ of  animal  heat                -  85,   117 

Crayons,  ifinglafs  ufed  in   making                  -  I.  323 
Cream             _             -             .            _              io(),   no,   115 

•  of  the  cow             -               -              -  -            142 

■ Anderfon's  obfervations  on             -  -            143 

-of human  milk                   -                   -  -            157 

ofafs'srnilk  -  -  I60,   l6'l,   162 

■ of  goat's  milk                 -                 -  -           1G2 

of  fheep's  milk             -                 -  -           I60 

general  obfervations  on                  -  -            174 


CreH,  his  experiments  pn  fpermaceti  -  II.       5 

— ■ •  on  fat                  -  -  '  18 

on  human  fat  -  24 

method    of  obtaining   phofphorus  from 


bones  .  ,  _  _  24,^ 
experiments  on  febacic  acid                     -            17 1 


Critias  fiippofed  the  blood  to  be  life  -  HI.        2 

Critolaus,  fuppofed  the  foul  a  fifth  fubfiance  -  2 

CruJckfliank,  his  experiments  on  the  pus  of  the  hof- 

pital  fore  _  _  _  _         j    o^  j, 

anal) fis  of  urine     II.   373,  378,  381,  38?, 

402 
Cruftaceous  parts  -  -  -         I.  357 

• -of  echini  -  -  -  3.57 

, rcfcn^blt  og^^niells  -  -  35s 

•  all  contain  ])hofpliat  of  lime  35P 

' comj)arcd  wjtii  t<  Itaccous  fubftanccs      36'0 
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Ci  uflaceous  parts,  a  middle  fubllance  between  lliell 

and  bone              -                   -                   -  -       I.  36l 
CiylhiUine  leas,  how  the  nerves  of  were  difcovered     II.  453 

Cryftals  of  femcn                   -                   -  I.  26'0,  26'2 

Cullen,  averted  life  to  be  a  forced  ftate  -          III.      13 

his  theory  of  animal  heat                -  -              82 

Curd  of  milk                   -                   -                   I.  106,   110,   174 

• ■  effeft  of  heat  on  it                  -  -            111 

• ■  chcefe  formed  from  it              -  -            111 

■ principally  aflfe6ted  by  difeafe  -            175 

Currie,  his  opinion  of  life  -  -  -  III.  7 
Cuttlelifh  bone  -  -  -  -  I.  341 
■ properl)'  a  fliell               -  -           337 
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Dandrada,  his  remarks  on  the  origin  of  ambergris  II.  209 

Darcey,  his  experiments  on  making  foap  -  32 
Darwin,   (C.)  his   mode  of  diftinguifhing  pus  from 

mucus                  -                -                      -             -  I.  248 

Daubenton,  his  obfervations  on  bezoar  -  II.  340 
Davy,  his  opinion  of  the  adion  of  ligbt  on  animal 

fubltances                 -                  _            _             _  229 

of  life                   -                -  III.        9 

. • of  mufcular  aftion             -           -  -      25 

of  mental                    -                   -  25 

of  the  colour  of  the  blood            -  79 

theory  of  refpiralion                  -               -  121 

• ^  of  animal  heat             -                 -  124 


experiments  on  the  refpiration  of  iiflies  144 

• of  zoophytes       149 

of  certain 


gafes  -  -  -  -  149 

Death,  opinions  of  the  ancients  on  -  -  221 

' ■ • moderns  -  -  222 

figns  of  -  -  -  -  ^t2 

apparent,  nitrous  oxyd  may  be  ufeful  in  -  192 
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- 
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- 
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230 

Icj 

III. 

5 

- 

31 

I. 

55,  93 

,  99 

- 

III. 
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Dchne,  his  analyfis  of  horn 

method  of  preparing  oleum  aniraale 

Delaval,  his  experiments  on  colour 

Deleurye,  his  e.xpcrimcnts  on  meconium 

Delius,  his  experiments  on  bile 

Defcartes,  the  firft  modern  who  rejected  the  fepa 

rate  cxiftence  of  the  vital  principle 

his  hypothefis  of  refpiration 

Deyeux,  his  experiments  on  the  blood 

■ his  opinion  of  animalization 

Diabetes,  urine  contains  much   faccharine  matter 

in  -  -  -  II.  379,  381,  382 

-    Diet,  it's  effe6l  on  milk  -  -  I.   121,   140 

crude  vegetable,  occafions  acidity  -  189 

caufes  the  acidity  of  the  gailric  juice  -  189 

vegetable,  produces  acidity  -  -  189 

. animal,  occafions  alkalefcency  -  -  189 

putrid,  not  wholly  inconfiftent  with  health       ipi,   I96 

animal,  indigeftiblc  kinds  of  -  -         208 

.^ partly  digeftible  -  -  209 

eafy  of  digeftion  -  -  209 

vegetable,  indigcftible  -  -  208 

partly  digeftible  -  209 

eafy  of  digeftion  -  -  209 

it's  kind  immaterial  -  -  -  214 

it's  cffed  on  the  urine  -  -    II.  366 

< nourilhing   in   proportion  to  it's  affinity  for 


oxygen 


III.      18 

too  much  animalized,  effecfts  of         -             -  215 

Diemerbroeck,  the  caufes  aflTigned  by  him   to  the 

plague  -  -.  -  -  ^79 
Digeftion,  acid  manifcfl;  at  the  beginning  of,    difap- 

pears  toward  the  end                  -                  -  I.   1 89 

fweetcns  putrid  meat               -                  -  190 

experiments  on                  -          -             -  195 

opinions  refpeding  this  proccfs              -  200 
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Digcftion,  how  performed  in  animals  ^yith  mufcular 
flomachs  _  i  - 

in  ruminating  animals 

— ' in  omnivorous  animals 

in  membranous  llomachs 

the  gaflric  juice  the  principal  caufe  of  it 

• in  man  -  -  - 

' ■ —  time  requifite  for  it  -  « 

■ ■ —  fubftances  flowly  or  not  at  all  dig  ^fted 

■ — ' partly  digefted 

■ —  things  that  facilitate 

■ retard  -    ' 


I. 

202 

203 

203 

205 

206 

206, 

207 

207 

208 

208 

210 

210 

210 

232 

III. 

25 

goes  on  after  death 

bile  fuppofed  to  be  of  ufe  in 

operates  by  means  of  the  galvanic  fluid 

refpiration,  and  perfpiration,  connexion 

between  -  -  -  -  108 
a  principal  regulator  of  the  animal  ma- 
chine                 -                  -                  -                  -  114« 
■ —  it's  primary  eflfeds                   -                  -            214 
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it's  rancid  part  foluble  in  alcohol 

it's  folvent  power 

—  may  be  rendered  foluAjIe  in  water 
' —  it's  rancidity 

—  various  methods  of  depriving  it  of  this 
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Fibrous  part  of  flefli  -  -  - 

Fiflier,    firll    procured    formic    acid    in   a  liquid 

form  -  _  _ 
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properties 
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definitions  of  -  -  - 

three  properties  included  in 

■ a  forced  ftate  _  -  - 

confifts  in  aftion 

curious  inltance  of  the  refioration  of 
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Lime,  it's  action  on  animal  lubftanccs 

forms  a  very  hard  cement  with  albumen 

it's  adionon  the  epi  Icrmis 

• in  tanning 
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carbonat  of,  never 

phofphat  and  carbonat  of,   the  general  bafis 
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■ it's  properties 
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Lucretius,  his  opinion  of  death  *                  III.  221 
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Aliafmata  offcnfive,   of  privies,  &c.    bell  mode  of 

deftroying 
Microcofinic  fait 
Milk, 

■ it's  properties 

«- fpccific  gravity       106,   141 


compofcd  of  globules 
.it's  fpontaneous  fcparation 
it's  coagulum 

artificial  means  of  coagulating 
eftcft  of  the  eledric  fluid  on 
varies  greatly  in  dili'erent  fubjeds 
adlion  of  heat  on  it 
it's  ferum  obtained  by  boiling 
extraft  of 
undergoes  the  acetous  fermentation  if  left  to 
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fpirit  obtained  from  it  -  109,  114,   170 

very  flow   in  taking  on  the  putrid  fermenta- 


tion -  -  -  -  110 
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preparation  of  kumifs  from  -  -  17O 
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• fuigularity  refpeding  it's  fitncfs  for  chcefe  118 

ftate  of  the  analylls  of  in  the  lall  century         -  118 

effeaofdieton  -  -  121,   140,   141 

fugarof,  known  by  the  brachmans  -  128 

■ firll  mentioned  by  Bartholdi  -  -  -  122 
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cow's  -  -  -  138 

quantity  dirainiihed  by  change  of  food  -  141 
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cffeds  of  air  on  -                   -            155 
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Milk,  about  fourteen  days  in  acquiring  it's  greatcfl 
acidity  -  _  _ 

air  can  ad  on  the  blood  through 

Millepedes,  examination  of  -  - 

lyiillepores  examined  by  Hatchett 

— : rcfemble  (hell 

Mind,  it's  laws  perhaps  the  fame  with  thofe  of  cor- 
pufcular  motion 

Mitchill,  his  opinion  of  the  caufe  of  the  plague 

Model,  his  method  of  preparing  oleum  animate 

iMonck,  his  obfcrvations  on  gaftric  juice 

Monro,  his  doftrine  of  the  vital  principle 

Mons  (van)  kis  obfervations  on  miafmata 

Mordants,  their  ufe  and  application  I.  409,   H-  251 

Morozi'O  (count)  his  experiments   on  the  expofure 
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Mortimer,  his  opinion  of  animal  heat  -  81 

Morveau,  his  obfervations  on  the  gaftric  juice      I.    183,    188 

• rennet 

■ ■ method  of  making  phofphorus  from  bones 

^ divifion  of  animal  acids 

• opinion  of  the  lactic  acid 

■ experiments  on  the  faccholaclic  acid 

• phofphoric  acid 

• —  obfervations  on  urinary  calculi 

• attempt  to  deftroy  miafmata  by  che- 
mical means  -  -  - 
Mofcs,  fuppofed  life  to  be  in  the  blood 
Mother  of  pearl  examined 

■ • compared  with  bone  and  tooth 

]\Iucilage,  not  the  fame  with  fize  or  glue 

■ a  kind  of  gelatin 

Mucous  fubftanccs  coagulate  milk 

■ •  extradive  matter  of  flei'Ii 

Mucus  of  the  nofe,  fee  Xafal  mucus. 
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■ modern  -  >  _ 
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188 

;ones 

329 

II 

45 

70 

r 

79 

- 

158 

299 

III. 

284 

2 

I. 

354 

355 

317 

318 

• 

107 

279, 

0,5  2 

III. 

241 

242 

247 

INDEX.  367 

jMuriat  of  tin  precipitates  the  tannirlg  principle  I.  308 

of  ammonia,  extradled  from  urine  -  II.  427 

Muriatic  acid,  adtion  of  on  animal  fubftances  I.       9 

. on  bile               -  -  219 

. on  faliva  -  239 

— ; on  tears              -  -  242 

• on  nafal  mucus  -  245 

■ on  pus              -  -  248 

■ ■ •  on  fern  en              -  -  264 

on  liver              -  -  292 

, .  on  bones         -  -  328 

■ on  hair  and  wool  -  389 

—  on  filk                -  -  401 

on  ol.  animale  -  II.     3(5 

on  gallftones  -  355 

on  urine             -  -  382 

on  tibrin              -  -  457 
on  venous  blood                  III.     77 


employed  to  deftroy  raiafmata  284,  296 

oxygenated,  it's  ufc  in  ulcers       I.  253,  255 

■  bones  whitened  by  330 

adion  of  on  air,  wool, 


id  filk                   -  _  .  3S9,  401 
injurious   to    filk     and 


I-      Avool  -  -  -  -  401 


• decompofes  the  formic     JI.     57 

it's    adion     on    phof- 

phorus  _  _  _  .  123 
, amber- 

oris  -  -  -  _  _  205 


• lets  go  it's  oxygen  if  ex- 


pofed  to  light,  not  otherwife  -  -  227 

—  ■ fingers  of  a  negro  whitened 

by  -  -  -  -  229 

it's  adion  on  urec  -  4l6 

■'———-'  ■  '   how  it  ads  as   a  deadly 
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Muriatic  acid,  oxygenated,  it's  aflion    on   venous 


blood 


afmata 


-  III.  77 
it's  ufc  in  difieftions  2A1 ,  248 
employed  to  deftroy  mi- 


it's  vapour  highly  dele- 


terious -  '     - 

Mufcle,  fee  Flefli. 
Mufcle  fliells 
JMufcular  fibre,  how  formed 

— .  fee  Irritable  fibre. 

-        irritability,  bafis  of 

— fee  Irritability. 

— —       ■■  motion,  how  produced 
— — ■ — •  it's  cffeds 
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— alcohol  retains  little  of  it's  jaroma 

mineral  acids  nearly  deftroy  it's  aroma 


improves  the  fragrance  of  perfumes 

refembles  caftor  in  it's  chemical  properties 

— ■ —  it's  origin 

— —  two  forts  of  it 
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Narcotics,  pofitive  ftimuli 
Nafal  mucus,  it's  properties 

it's  fpecific  gravity 

docs  not  unite  oil  with  water    ■ 

■ ■  one  of  the  leaft  fubjeft  to  putrefaftion 

of  all  animal  fluids  -  -  . 
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Negro  children,  born  white 
fintrers  of  one  whitened 
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Nereis  lacuftris,  it's  colour  depends  on  liglit  II,  225 

Nerves,  no  light  enters  their  compofition 

their  irritability  increaled  by  all  bodies  that 

contain  oxygen 
■ diminifhed     by 

abforbs  oxygen 
■  lofe  their  irritability  if  tied 


Nervous  affedions,  ftate  of  the  urine  in 
Neumann,  his  examination  of  flefh 

' —  analyfis  of  horn 

■ ■ of  fliells 

' experiments  on  fpermaceti 

■ —  analyfis  of  fats 

, of  muflc 

of  ants 

■ of  millepedes 

of  earthworms 


Neutral  falts,  their  adion  on  blood 

— ■ on  milk 

on  bile 

— ■ — ■ action  of  uree  on 


- 

II, 

,  230 

odies  that 

- 

III. 

21 

whatever 

- 

21 

- 

21 

II. 

3S0, 

424 

- 

I. 

277 

- 

345 

- 

350 

- 

II. 

4 

- 

16 

- 

220 

- 

470 

- 

475 

- 

476 

- 

I. 

24 

- 

107, 

124 

- 

222 

- 

11. 

418 

- 

246" 

- 

III. 

39 

- 

II. 

426 

III. 

231 

- 

I. 

12s 

I. 

8 

Newton,  his  theory  of  colour  contradided 

his  opinion  of  refpiration 

Nitre,  obfervations  on  the  manufadure  of 

■ formation  of  -  - 

of  milk 

Nitric  acid,  it's  adion  on  animal  fubftances 

—  on  infpiflated  albumen    17,  18,  II.  448 

on  bile  -  -  I.  219 

: on  llcin  -  297,  320 

on  fliells  -  -  353 

■ ■ on  cruftaceous  parts  -  359 

• > on  zoophytes  Sb'O,  36l,  369,  &c. 

. .  on  filk  -  -  399 

- on  the  fpermaceti  of  biliary  calculi  II.  11 

■  —  on  phofphorus         -  -  93 

. .-—  on  ure^         -  -  404,  412 
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Nitric  acid,  it's  a(^ion  on  gelatin  -  -         11,  456 

on  fibrin  -  -  4,:>7 

Nitrogen,  produced  during  the  rer))iratiou  of  nitrous 

oxyd             -                 -             -           III,   170,  17.:,  lyi 
&c.  of  almofplicric  air            -  170' 


— — refpiration  of         -  -  -  184 

—— it's  aeriform  combinations  -  ]()4 

.■■       confidered  as  the  caufe  of  plague  -  281 

Nitrous  acid,  it's  adieu  on  faliva  -  I.  239 

. on  nafal  mucus  -,  245 

on  pus  -  -  24S 

on  bones  -  -  327 

• i on  zoophytes  -  368 

— — on  hair  -  -  388 

___ on  filk  -  -  3p9 


converts  animal  fubftances  into  a  con- 


crete oil               _                  -                  _-  II.  2^   12 

■  ■   ■        — it's  adion  on  fat                  -  -  10 

■  on  oleum  animale  -  36 

on  formic  acid  -  57 

"              on  phofphonis  -  120 

—  ■ on  urinary  calculi  -  295 

— — on  gallftoncs               -  -  355 

on  urine  -  3S0,  382 


produced  during  putrcfadion                    III.  230 

• employed  to  deftroy  contagion              -  2S7 

mode  of  doing  this                  -               -  289 

Nitrous  acid  gas,  it's  adion  on  train  oil              ^         II,  30 

Nitrous  gas,  it's  adion  on  phofphoric  acid             -  136 

—  on  venous  blood         -             III.  74 

— — injeded  into  the  jugular  vein  of  a  dog 

foon  killed  it  -  -  .75 

it's  -ifled  on  arterial  blood                    -  75 

attempt  to  breathe                 -             -  186 

Nitrous  oxyd,  refpiration  of                     -                  151,  183 

fuppofed  to  be  the  principle  of  conliigion  151 
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Nitrous  oxyd,  proofs  of  the  contrary  -  III.   151 

. —                 '       method  of  procuring  it  -  152 

— it's  properties                  -  -  152 

fpeciiic  gravity               -  -  153 

— >— ~. compoiition                  -  -  154« 

refpired  by  warmblooded  animals  154- 

•"  deilroys  them   by   exhaulting  tlieir 

irritability  and  ftnfibility                     -  -  156 

• ^ refpired  by  amphibious  animals  1 55 

by  filhes              -  -  156" 

jjy  infedts           -  -  157 

' • by  worms               -  -  15/ 


not  decompofed  in  refpiration  as  at- 

mofpheric  air                  -                    -                     -  158 

it's  effeds  on  venous  blood               -  15S 

■  changes  produced  in  by  refpiration  158 

— comments  on  the  experiments  with  l6"S 

' —  nitrogen  produced  during  the  refpi- 


ration of  -  -  170,  172,   191 
carbonic  acid  produced  during  the 


refpiration  of                 -                   -                      -  173 
— -. water  produced  during  the  refpira- 
tion of                 -                  -          .        -                -  174 

effe<fts  of  it's  refpiration                    -  183 

.. . il's  a6tion  produces  no  debility  187 

ufes  of                  -              -.                 -  1 Q2 


Noftiluca,  Boyle's     "            -                 •                 -     II.  130 

Nutriment,  muft  be  a  pofitive  ftimulus           -              III.  18 

' > —  the  radical  of  oxalic  acid  the  common 

bafe  of  all                  -                  -                  -          -  202 
O 

Oak  bark,  it's  utility  in  dying  hats             -              -      I.  39^ 

Oats,  analyfis  of  the  aOies  of                  -                  -     II.  443 
Oehrn  and  Arvidfon,  their  experiments  on  formic 

acid                  -                   ••                   -                  ■*•  53 

Oefophagal  liquor                 ..                  -                 I.  202,  204 

Oil  of  blood                  -                            -                   -  31 
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Oil, animal,  Dippel's  -  -   ,  I.  345,  II.  35 

what  included  under  the  term  -  -  1 

almoft  all  animal  fubftances  may  be  converted 

into  -  -  -  -  1 

—  &c.  this  naturally  in  cemeteries  -  -  1 
«Scc.  how  effeded  by  art                  -                      -                2 

—  varieties  of  -  -  -  -  2 

lefs  folid  in  the  living  animal  -  -  2 

to  what  it's  firmnefs  owing  -  -  2 

varies  in  different  animals  -  -  2 

• in  different  parts  of  animals 

claffification  of  -  - 

purification  of,  for  lamps 

fweet  faccharine  matter  found  in 

foap  made  from 

what  bcfl  for  this  purpofe 

• —  adion  of  metallic  oxyds  on 

■ —  earths  on  -  - 

— -  component  parts  of  -  - 

how  formed  in  animals 

a6tion  of  phofphoric  acid  on 

Old  people,  ftate  of  the  urine  in 
Opium  in  fmall  quantities,  nourifliing 

it's  effeds,  how  cured  by  vinegar 

Offeous  matter  _  _  _ 

increafes  in  proportion  to  age 

w-_ .  contained  chiefly  in  the  bones 

exifts  in  the  Ikeletons  of  >  infcdts 

~ •  phofphat  of  lime 

Ofiification,  proccfs  of  -  - 

ufe  of  milk  in  -        - 

• -" of  foft  parts 

Ouretic  acid  _  _  . 

Ouric  oxyd,  fee  Uric  Oxyd. 

Oviparous  quadrupeds,  examination  of  -  4^8 

Ox,  flefh  of,  examined  -  I.  278,  279,  284,  285 
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40 

40 
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383, 
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III. 

19 

19 

II. 

460 

460 

461 

461 

461 

I. 

336 

340 

II. 

349 

128, 

386 
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Oxalat  of  lime,  bafis  of  mulberry  calculi  II.  324 

Oxalic  acid  obtained  from  ferum                   -  I.     27 

,. from  feveral  animal  fubftances  II,     48 

lithic  convertible  into                     -  87 

found  in  urine                     -                       -  386 

it's  bafe  the  common  bafis  of  all  nutri- 


tious fubflances  -  -  III.  202 

-  how  far  this  is  true  -  -  211 


Oxygen,  renders  animal  oil  concrete  -             II.       2 

■ a  diminution  of  occafious  fatnefs  -             40 

— — fcurvy  -              41 

— it's  influence  on  vitality                  -  III.  7,   l6 


the  proximate  caufe  of  irritability  -  15 

fubftances  that  have  moft  affinity  for,  mofl; 

nouri/hing  -  -  -  •     -  1$ 

^-  thirft  indicates  a  want  of  -  -  19 

neceffary  to  the  excitement  of  irritability  22 

imparted  to  the  blood  by  means  of  refpi- 


ration  -  -  -  -  26 

the  blood  derives  it  from  water  as  well  as 

from  air  -  -  -  -  27 

what  becomes  of  it  in  refpiration        US,  lip,   120 

■  does  not  combine  with  the  blood  in  refpi- 
ration _  _  _  _ 

is  not  decompofcd  in  refpiration 

confequences  of  the  combinations  it  forms 

in  the  alimentary  canal  -  - 

Oxygen  gas,  it's  action  on  blood  -  -^ 

difcovcredin  the  atmofphere 

it's  effed  on  venous  blood 

injedted  into  the  jugular  vein  of  a  dog 

foon  killed  it  -  -  -  - 

■ quantity  confumed  in  refpiration 

refpiration  of  -  - 


120 

122 

20S 

I. 

25 

III. 

42 

73 

73 

112, 

181 

ISO, 

18(5 

lefs  oxygen  confumed  in  it's  refpiration  ' 

than  in  that  of  atmofphericair  -  -  181 
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Oxygon  gas,  it's  proportion  diminillios  progrcirivcly 

from  the  ftomach  to  the  great  inteftincs         III,  205,  206 
Oylter  Jhells  -  -  -  I.  352 

0\ftcrs,  living,  afford  little  nourifhment  -         III.     18 


Pancreas,  calculi  found  in  the  -                  II.  349 

Pancreatic  juice,  analogous  to  faliva  -            I.  240 

Papin,  his  digefter                  -                  -  -           313 

Paracelfus,  his  fidcrcal  fpirit                 -  -     III.       4 

Parmenides,  fuppofed  the  foul  to  be  fire  -                2 
Parmcntior,  his  experiments  on  the  blood         I.  55,  9",  99 

: . on  glue  -              -           3l4f 


opinion  of  aniraalization         -  III.  217 

Patellae  from  Madeira  analyzed  -  I.  352 

Pearls,  finiilar  in  compofition  to  mother  of  pearl  354 

in  ftrudure  refemble  pifolithes  -  354 

their  iridefcency  produced  by  their  lamel- 

latod  ftnidure  -  -  -  -  354' 

Pcarfon,  his  mode  of  preparing  phofphat  of  foda         II.   137 

■ experiments  on  calculi  310,  318,  320 

■ difcovery  of  uric  oxyd  -  -  310 

Pelletier,  his  experiments  on  glue  -  I.  314 

-— ■ on  making  foap  -  II,     32 

Pcrcival,  crrour  of  his  rcfpeding  urine      -  -  384 

Porkinifm,  it's  principle  -  -  III,     22 

Pcrlate  fait  -  -  -  H.   124.^  3(^5 

• analyfis  of  -  -  -  395 


acid  of              -  -                  -     128,  38^ 

Pcrfpiiation,  experiments  on  -  -  HI.  IQS 
caufcs  that  influence  the  j)henoracna 

of                 -                    -  .                    -  111 

■ lofs  of  wciglit  by  -                    -  112 

a  principal    regulator  of  the  animal 

machine  -^  _  _  -  114 
•  effecls  of                     -  207,  213,  21() 
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Peltilenlial /difcales,  opinions  on  the  contagion  of      III.  270 

ancient  and  modern  opinions  on  275 

< diliinguiilied  from  plague           -  27 S 

muriatic  acid   employed  as  a 

fumigation  againfl                  -                  -               -  2S5 
Philofopher's  ftone,  Hclvctius  expccled  to  find  it  in 

faliva                  -                    -                  -                 -     I.  23S 

■ ■  fought  for  in  fieces             -             II.  432 

Phlogifton,  Stalil's  doctrine  of                    -                    III.  42 

Phofphat  of  lime,  generally  accompanied  by  gelatin     I.  319 

■ difcovered  in  bones  by  Gahn  324 

■ ■  a  dclicicncv  of,  in  rickets          -  342 

it'.s  utility  as  a  medicine            -  342 

prefent  in  milk              -              -  3t2 

in  the  coverings  of  cruftaccous 

animals                                    _                  _              _  359 

. —  in  zoophytes  3(i2,  369,  370,  373,  376,  382 

prepared  by  art             -              -  13S 

found  in  urinary  calculi 

< • •  the  caufe  of  hardncfs  in  bones 


Phol'phat  of  foda 
^ barytes 


magneha 

argile 

fdex 

filvcr 

copper 

iron 

■  native 

tin 

-  -  quickfdver 
arlcuic 

zinc 


—  antimony 

—  bifmuth 

—  coball 

~  manirancfe 


II. 

323 

461 

II. 

i3r 

139 

139 

140 

140 

102, 

141 

102, 

142 

103, 

142 

14.5 

103, 

145 

101, 

14() 

146" 

103, 

1 4() 

148 

148 

148 

104, 

149 
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Phofphat  of  ammoniaco-mairnefian,  in  calculi  II.  3C4 

• triple  of  ammonia  in  urine  -  392 

: foda  in  urine  -  -  393 

Phofphats,  earthy  and  alkaline  -  II.    100,  136 

. • their  component  parts  101 

■ their  properties  105 

of  metals  -  -  101,  141 

■ confounded  with  phofphiles  -  166 


Phofphites              -                  -                  -                  -  l65 

• their  component  parts             -                -  1^5 

miftakcn  for  phofphats              -                -  l66 

how  diftinguiflied                   -                   -  16'6' 

• their  properties  -  -167 

Phofphorefccnt  bodies,  II.  230,  fee  Light. 

Phofphoric    acid,  found  in  the  gaftric  juice  of  rumi- 
nating animals  -  -  I.   1S.5 — 187 

■ obtained  from  bones       325,  329,  II.  124 

in  fat                  -             -              -  26 

found  in  all  three  kingdoms             47,  112 

it's  indeftrudibility  -  47,  9S 

produced  from  phofphorus         -  89 

• methods  of  obtaining         -             92,  ll6 

. what              -                  -             -  96 

it's  properties             -                  -  97 

• in  two  ftates,  liquid  and  vitreous  97 

forms  glafles  with  earths  and  metals  Q8 

it's  action  on  different  bodies           5)S,  107 

it's  phofphats                 -                   100,  136" 

• ■ not  diftinguiflied  from  the  phof- 

phorous  at  firfl                  -                     _                   .  iqQ 

it's  artion  on  metah                       101,  107 

on  oils              -           -  108 


it's  glafs  inure  clcdric  than  any 

other  -  _  _  _  109 

mifiaken  for  others  -  109 

it's  coinpoAtion  -  -  110 

— • found  in  \cgctables  -  112 

■ in  rnincrah  -  112,  113 
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Phofphoric   acid,  perhaps  no  part  of  animals  free  • 

from  it                  -                   -                    -                  II.  112 
■ ■ the  green  colour  of  leaves  attri- 
buted to  it  -  -  -  -  113 

-— an  ingredient  in  the  formation  of 

mountains  -  -  -  -  113 

— ■ it's  origin  -  -  114 

hiftory  -  -  115 

' ■  obtained  by  deflagration  -  ll6 

— • by  flow  combuftion  118 

• — . by  affinity  -  120 

■ from  faline  or  earthy 

bodies  -  -  -  -  123 

■ • •  from  bones  •  -  124 

■  it's  purification  -  -  125 

vitrification  of  -  -  127 

. • —  difcovery  of  it's  properties         -  130 


— —        ■  Margraaf  proved  it  to  be  an  acid 


fui  generis                      -                      -  -  131 

it's  tafte                  -  -  135 

— —  faid  to  be  cauftic             -  -  136 

it's  fpecific  gravity  ^  136 

•   ■  mixed  with  water  gives  out  heat  136 

Saturated  with  nitrous  gas  -  136 

■ —  it's  effects  on  iron              -  -  ]42 

. prefent  in  pruffian  blue  -  145 

adlion  of,  on  oils             -  -  149 

■ mixes  with  alcohol  -  150 

_-i_ sethor  perhaps  obtainable  with  152 

—-  affords  an  inflammable  air  with 

minium                  -                 -                   -  -  153 

it's  affinities                  -  -  154 

■ affinity  to  phlogifton  -  154 

lime  -  155 

quartz  -  156 

clay              -  -  159 

■- '. B alkalis  -  159 
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Phofphoiic  acid,  it's  affinity  to  metals           -  -  II.   ijt) 

— — in  urine                      -  -  3Sy 

Phoiphorous  acid           -              -                   -  06,   159 

— — — —  not  diftinguiflicd  from   the  phof- 

phoric  at  firll              -                  -               -  106,  159 

how  procured                  -  -  l60 

it's  properties                  -  -  i62 

— — it's  action  on  different  bodies  l63 

attacks  glafs                  -  -  1()S 


Phofphorus,  preparation    of,  from   bones,    by  the 

chemifts  of  Dijon                   -                   -  -  I.  325 

--• by  Scheelc  -  3'27 

_ by  Wicgleb  -  328 

by  Morveau  -  329 

byCrell          -  11.146 


undergoes  two  fpecies  of  combuftion  89 

it's  purification  -  -  90 

fpccitic  gravity  -  -  ()l 

properties  -  -  Ql 


burns  fooner  in   common  air  than  in 

oxygen  gas         -                  -                  -  -  91 

-= methods  of  obtaining  the  acid  from         9'~>   H^ 

oxygenation  of  by  the  nitric  acid  93 

it's  acid  in  two  ftates              -  -  9^ 

theory  of  it's  compofitiou  -  ^^ 

diminiflies  air  more  than  any  other  fub- 


flance  does                  -                     -  -              HI 

deflagration  of                   -  -           ll6 

flow  combuftion  of             -  -            118 

aftion  of  difierent  gafcs  upon  -           232 

obtained  from  urine                -  t           3^5 

• of  urine  called  englifh  phofphorus  SQG 

_ mode  of  preparing  396,  398 


—  burns  vividly  in  nitrous  oxyd  III.   152 

perhaps  formed  during  putrcfaclion  232 


Phofphurcs  of  metals  -  -  II.    102,   U2 

Pig,  urinary  calculus  of  the  -  -  327 


Pig,  dung  of,  ufed  as  foap  -  -        II, 

Pineal  gland,  calculi  of  the 

Pinel,  his  method  of  preparing  birds  -  III, 

Pinelli,  his  experiments  on  arthritic  calculi  II. 

Pifolithes  rcfemble  pearls  in  ftrudure  •  I. 

jPlague,  ads  as  a  pofitive  ftimulus  -  III. 

■ it's  contagioufnefs  denied 

• various  caufes  affigned  it  -  - 

■ diftinguifhed  from  pelUlence 

Plaller,  englifli  fticking  *•  -  I. 

Plato,  his  plaltic  nature  -  -  III, 

Plenck,  his  experiments  on  fat  -  II. 

Plutarch,  his  dodrine  of  life  -  III. 

Poifon,  animal,  two  clafles  of  -         -  II. 

of  the  viper,  difapvercd  by  Redi 

► examined  by  Mead 

■ by  James 

• ■ by  Fontana 

• volatile   alkali    recommended 


^79 


as  a  fpecific  againft  it  -  - 

not  acid  when  pure 

- — ■ it's  properties 

it's  analogy  to  gum 

the  only  animal  gum  known 


194-, 


■ of  different  ferpents  analogous 

. .  of  ilinging  infcds         -  -  l^S, 

of  the  bee  -  -  - 

. •  of  the  fcorpion  -  -  - 

Icfs  abundant  in  the  animal  kingdom  than 

in  the  vegetable  .  _  . 

ads  on  the  blood  by  depriving  it  of  oxygen    III. 

■ fome  of  the  moll  deadly  kinds  of,  negative 

ftinuili  _  -  _  _ 

Potalh,  perhaps  formed  during  putrefadion  III. 

Potfetten,  what  -  -  -  I. 

Poulletier,  his  experiments  on  gallftones  II.  10, 

poultry,  dung  of  -  .  _  - 
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Poultry,  fiuantity  of  cavbonat  of  lime  formed  by  II.  438,  443 

. ■  earthworms  recommended  for  feeding        -  476 

Prawns,  fhell  of,  contains  phofphat  of  lime  -         I.  359 

Prieflley,  his  experiments  on  bile  -  -  230 

. on  train  oil  -  II.     30 

• on  phofphoric  acid    lo6,  153,   157 

crrour  of  his,  refpcciin^  urine  -  3S4 

■ difcovcred  the  chief  ditferencc  between  ani- 
mals and  vegetables  -  -  -  464 

■                    oxygen  gas                   -  III.     42 

• ■  his  theory  of  refpiration                  -             -  43 

• —  experiments  on  animals  in  noxious  airs  63 

hypothefis  of  the  colour  of  the  blood  67 

• experiments  on  the  refpiration  of  fiflies  III,   134 

Pringle,  his  hypothefis  of  digcllion                   -  I.  201 

Proftate  gland,  calculi  of  the                        -    ,  II.  336 

Prouft,  his  analyfis  of  bones              -             -  I.  331 

experiments  on  urine  -  II.  385,  391 

Pruffian  blue,  found  in  the  blood                  -  I.     55 

contains  phofphoric  acid              -  II.   145 

• found  in  putrid  animal  fubftaticcs  III.  234 

Pruffic  acid,  found  in  bile                  -                 -  I.  224 

Purpura,  found  on  the  french  coafts  by  du  Ilarael  II.  257 

Pus,  it's  formation  explained                  -               -  I.     53 

properties                  _                  ,                  _  247 

fpecific  gravity                  _             _              _  247 
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